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course  and  instructor  guides  for  each  phase.  The  curriculum  outline 
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outline  of .  training  objectives;  lists"  of  texts,  .references,  tools,- 
equipment;  materials,  training  aids  and  devices,  and  training  aids 
equipment;  and  a  master  schedule •  The  instructor  guides  have  the 
lesion  plans  for  each  unit.  Student  materials  include  11  job  sheets, 
if  information  sheets,  1  work  sheet,  and  3  problfem  sheets. 
Appropriate  text  materials  from  three  Navy  manuals  are  provided. 
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■  MfT.TTARY  CURRICULUM  MATERIALS  . 

The  military-developed  curriculum  materials  in  this  course 
package  were  selected  by .the  National  Center 'for  Research  in 
Vocational  Education  Military  Curriculum  Project  for  dissem- 
ination to  the  six  regional  Curriculum  Coordination  Centers  and 
other  instructional  materials  agencies*    The.  purpose  of 
disseminating  these  courses  was  to  make  curriculum  materials 
developed  by  the  military  more  accessible  .to  vocational 
"educators  in  the  civilian  setting.  , 

The  course  materials  'were  acquired,  evaluated  by  project 
staff  and  practitioners  in  the  field,  and  prepared  for 
dissemination.    Materials  which  were  .specific  to  the  military/ 
were  deleted,  copyrighted  materials  were  either  ,cnu£ted  or  appro- 
val for  their  use  was  obtained.    These  course  packages  contain 
curriculum  resource  .materials  Which  can  be  adapted  to  support 
vocational  instruction  and  curriculum  development.  , 
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Mission  Statement 
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The  National  Center  for  Research  in 
Vocational  Education's  mission  is  to  increase 
the  ability  m  diverse  agencies,  institutions, 
/  and  organizations  to  solve  educational  prob-. 
16ms  relating  to  individual  career  planning, 
preparation,  and  progression.  The  National 
Center  fulfills  its  mission  by: 

•]  Generating  knowledge  through  research 

Developing  educational  programs  and 
;  products 

•  Evaluating  individual  program  needs 
and  outcomes 

-  •  Installing  educational  programs  and 
products 

•  Operating  information  systems  and  ' 
services 

•  Conducting  leadership  development  and  1 
training  programs 

FOR'HiRTHER  INFORMATION  ABOUT 
Military  Curriculum  Materials 

WRITE  OR  CALL 

Program  Information  Office 

The  Natiopal  Center  for  Research  in  Vocational 

Education 
The  Ohio  State  University 
1960  Kenny  Road,  Columbus,  Ohio  43210 
Telephone:  614/486-3655  or  Toll  Free  80OA 
ERIC         848-4815  within  the  continental  U.S. 
(except  Ohio) 
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What  Materials 
Are  Available? 
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an  activity  to  increase  the  accessibility  of 
military-developed  curriculum  materials  to 
vocational  and  technical  educators. 

7  This  .project,  funded  by  the  U.S.  Office  of 
Education,  includes  the  identification  and* 
acquisition  of  curriculum  materials  in  print 
form  from  ttte  Coast  Guard,  Air  Force, 
Army,  Marine  Corps  and  Navy. 

Access  to  military  curriculum  materials  is 
provided  through  a  "Joint  Memorandum  of 
Understanding"  between  the  U.S.  Office  of 
Education  and  the  department  of  Defense. 

The  acquired  materials  are  reviewed.by  staff 
and  subject  matter  specialists,  and  courses 
deemed  applicable  to  vocational  and  tech- 
nical education  are  selected  for  dissemjnation. 

The  National  Center  for  Research  >in 
Vocational  Education  is  the  U.S.  Office  of 
Education's  designated  representative  to 
acquire  the  materials  and  conduct  the  project 
activities. 

Project  Staff : 

Wesley  E.  BttfJke,  Ph.D.,  Director 
National  Center  Clearinghouse    *  • 

Shirley  A.  Chase,  Ph.D. 
Project  Director 


One  hundred  twenty  courses  on  microfiche 
(thirteen  in  paper  form)  and  descriptions  of 
each  have  .been  provided  to  the  vocational 
Curriculum  Coordination  Centers  and  other 
instructional  materials  agencies  for  dissemi- 
nation. 

Course   materials  include  programmed 
instruction,  curriculum  outlines,  Instructor 
guides,  student  workbooks  apd  technical 
manuals. 

The  120  courses  represent  the  following 
sixteen  vocational  subject  areas: 


Agriculture 
Aviation  « 
JJiiilding  & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Drifting 
Electronics 
Engine  Mechanics 


Food  Service 
Health 

Heating.&  Air 
Conditioning 
Machine  Shop 
Management  & 
'Supervision 
Meteorology  & 

Navigation 
Photography 
Public  Service 


The  number  of  courses  and  the  subject  areas 
represented  will  expand  as  additional  mate-  • 
rials  with  application  to  vocational  and 
*  technical  education  are  identified  and  selected' 
for  dissemination. 
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How  Can  These 
Materials  Be  Obtained? 


Contact  the  Curriculum  Coordination  Center 
in  your  region  for  information  on  obtaining 
materials  (e.g.,  availability  and  cost).  They 
will  respond  to  faur  request  directly  or  refer 
you  to  an  instructional  materials  agency 
closer  to  you/ 
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Expires  July  1, 


Course  Description    \  ' 

This  course  is  me  second  of  a  two-course  series  which  teaches  students  to  maintain  and  repair  automotive  and  construction  equipment  using  either 
gasoline  or  diesei  engines,  it  covers  basic  chassis  ana  power  tram  troubleshooting,  diagnosis,  and  adjustment  procedures.  Students  should  complete 
Construction  Mechanic,  Ctees  A,  Part  I,  before  beginning  this  course.  This  course  contains  two  phases  covering  1 1 7  hours  of  instruction 

Phase  3    -     'Automotive  Chews  end  Power  Tretnt  contains  one  unit  with  three  lessons  covering  75  hours  of  instruction.  A  fourth  lesson  is 
deleted  because  it  covers  the  repair  of  a  peice  of  military  equipment.  The  units,  lessons,  and  hours  follow: 

Unit  1      -       Automotive  Chassis  and  Power  Trains  * 


3.1 .1  ^Suspension  Systems  Service  (5  hours  classroom,  8  hours  practical) 

3.1 .2  Automotive  Power  Trains  Service  (6  hours  classroom,  29  hours  practical) 

3.1 .3  Brake  System  Service  (7  hours  classroom,  20  hours  practical) 
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Phase  4    —       Heavy  Equipment  Chsssnand  Power  Trim  contains  one  unit  on  crawler  tractor  power  tram  mam tenance^ton taming  three  lessons 
covering  42  hours  of  instruction. 

■    Unit  1      -       Crawler  Tractor  Power  Train  Maintenance  /" 

4.1 .1  Oxy-ffUpp  Gas  Cutting  (2  hours  classroom,  4  hours  practical)  ^ 

4.1 .2  Construction  Equipment  Power  Trains  (1 2  hours  classroom,  20  hours  practical) 

4.1.3  Adjustment  of  International  Model  260  Cable  Control  Unit  (2  hours  classroom,  2  hours  practical) 

This  course  contains  both  student  and  teacher  materials.  Printed  instructor  materials  include  a  curriculum  outline  for  the  course,  and  instructor  guides 
for  each  phase.  The  curriculum  outline  includes  an  introduction  to  the  course,  outline  of  instruction,  outline  of  framing  objectives,  and  fists  of  texts, 
references,  tools,  equipment,  materials,  training  aids  and  devices,  and  training  aids  equipment,  and  a  master  schedule.  The  instructor  guides  have 
the  lesson  plans  for  each  unit  Student  materials  include  eleven  job  sheets,  eleven  information  sheets,  one  work  sheet,  and  three  problem  sheets. 

The  appropriate  text  materials  from  three  Navy  manuals  are  provided.  An  additional  tJ  recommended  commercial  texts  and  technical  manuals  are  not 
provided.  Seven  additional  military  and  commercial  references  are  suggested.  The  audiovisual  recommended  for  the  two  course-senes,  but  not  provided 
include  twenty-three  military  films,  fourteen  commercial  films,  twenty-two  slide  films,  thirty-seven  slides,  two  transparencies,  and  eight  charts  The 
instructor  may  be  able  to  substitute  similar  materials  which  are  on-hand  for  these  additional  items. 
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INTRODUCTION 


1.  This  curriculum  was 'developed  by  Naval  Construction  Training'  Center, 
Port  Hueneme,  California    93043,  as  Course  Ttodel  Manager,  and  Is  effective 
upon  final  approval  of  the  Chief  of  Naval  Technical  Training. 

2.  Commands  are  invited  to  submit  explicit  comments  on  the  content  of  this 
curriculum  to  the  Commanding  Officer,  Naval  Construction  Training  Center, 
Port  Hueneme,  California    93043,  with  copies  to  the  Chief  of  Naval  Technical 
Training,  Naval  Air  Station  Memphis  (75),  Millington,  Tennessee  38#S4  and 
the  Commanding  Officer,  Naval  Construction  Training  Center,  Gulfport, 
Mississippi    3950L     *  . 

9 

3.  Training  Notes  1 

This  course  has  been  developed  and  designed  in  accordance  with  the 
principles  of  systems  engineering.    In  order  to  insure  that  the  objectives  of 
each  unit  are  met,  it  is  expected  that  the  instructor  will  teach  the  topics 
as  outlined  in  accordance  with  the  referenced  publications.    Deviation  is 
allowed  only  to  exceed  or  supplement  the  required  instruction.    Lesson  , 
outlines  in  the  instructor  guides  are  to  be  used  as  a  guide  in  thfe  presentation 
of  the  lesson.    While  it  is  compulsory  that  all  objectives  of  each  training 
period  be  met,  it  is  recognized  that  the  specified  times  established  for  each 
lesson  may  vary  with  the  achievement  level  of  each  group  of  students,  the 
number  of  students  per  cycle,  the  instructor-to-student  ratio,  and  the 
availability  of  facilities.    It  is  the  responsibility  of  the  school  to  provide 
for  the  efficient  implementation  and  administration  of  this  publication  and  „ 
to  ensure  that  each  of  the  learning  activities  outlined  herein  is  taught  in 

a  manner  which  provided  a  maximum  gain  in  knowledge  and, skill  for  each  student. 

> 

*  A 

4^  Training  Methods..  \ 

a^The  traditional  methods  of  conference,  demonstration  and  practical 
exercise  are  used  during  this,  course  of  instruction.    In  keeping  with  changes 
which  potentially  will  benefit  the  instruction,  other  methods  are  also  Included: 

»  ✓ 

(1)  ,  Information  presentations:    These  are  designed  primarily  to  make 
information  available  in  a  group  setting,  have.no  objectives,  and  are  not 
instructional.    No  tests  are  given  on  information  presentations. 

(2)  Self-study  text  materials:    These  individualized  materials  do  have 
objectives *and  are  instructional  and  will  be  tested  at  the  end  of  each  section 
of  the  student  workbook. 

(3)  Group  audio-visual  presentations:    These  presentations  can  be 
either  informational  or  instructional. 


(4)  Progress  evaluation  test:    Tests  that  are  inserted  at  critical 
points  to  iiertermine  student's  capabilities  to  perform  objectives. 

(5)  Group  interactive  lecture:  Group  participates  by  responding  to 
situations  presented  verbally  by  the  Instructor  or  in  t^e^vorkbooks  provided 
to  the  students.  - 
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b.  School,  will  emphasize  the  importance- of  performance-orientated 
training  vh.rein  learning-by-doing  rather  than  listening  and  watching  is 
Practiced.    Time  devoted  to  the  traditional  methods  of  inltruction  will 
be  limited  ta  favor  of  the  more  recent  mathod.  outlined  ^»*J"P*  4*1  - 
Although  aome  of- the  methods  depend  to  a  great  extent  on  availability  of 
'audio-visual -aids,  there  are  other  alternatives  that  can  be  developed  at 
the  training  center  using  existing  material.  ' 

c.  The  student  learns  best  in  a  job-relevant  environment.    Time  > 
devoted  to  lectures,  conferees  and  demonstrations  should  be  held  to 

the  minimum  required  for  explaining  the  objectives,  cours*  organization, 
safety  precautions,  and  other  intxoductory-type  subjects  pertinent  to 
the  course. 

5.  Testing  Concepts; 

Criterion  testing  (tests  designed  to  measure  performance  of  "Pacific 
objectives)  will  be  used  to  measure  student  performance.    Each  student 
will  be  tested  on  each  learning  objective .to *the  level  of  prof ic iency 
Stated  in  the  objective.    A  series  of  performance  tests  for  each  scheduled 
evaluation  is  provided  at  the  end  of  each  unit.    Each  Jas^requirement  or 
proolem  is  closely  related  to  specific  training  objecUvtTW  Performance 
Standards.    Standards  of  proffciency  are  stated  explicitly  iY performance 
tests     Proficiency  testing  is  conducted  using  the  pass/fail,  go/norgo 
technique!    Student  performance  during  the  formative  tests  will  provide 
indicators  as  to  need  for  additional  training  on  an  individual  or  group 
bfs  s     Pertormance  on  the  pals/fail  tests  conducted  after  each  phase 
the  course  provides  the  basis  for  determining  whether  or  not  a  student  will 
oe  graduated-    "nit  tests  will  be  used  in  determining  class  standing  and 
honor  graduates. 

6.  *  Hov  to  Use  Instructor  Guides . 

Instructor  Guides  are  provided  for  each  topic  and  include  suppor ting 
insect W  Aerials  and  aids  identified  by  the  topic  number  and  preceded 
by  a  letter  code  designation.    The  letter  code  key  is  as  follows. 

_  AS  -  Assignment  Sheet  . 
JS  -  Job  Sheet 
IS  -  Information  Sheet  \ 
CN  -  Class  Notes 
TR  -  Transparency 

OS  -  Operation  Sheet  • 
"T  -  Test  p  %  v 

ET  -  Einal  Test  _  .   m  ^ 

DS  -  Diagram  Sheet 
PS  -  Problem  Sheet  / 
PE  -Performance  Evaluation 
WB  -  workbook 
G  -  Definition  of  Item  in  General 

-  -  A -complete  list  of  all  supporting  mat ^    _and~aias  is  documented  with 
full  descriptive  titles  in  ANNEX  I  thru  VII. 

.    '  '  ~  i  Vi 
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The  instructor  guides  are  intended  to  be  used  as  master  lesson  plans 
subject  to  personalization  by  the  individual  instructor*    In  all  cases, 
it  is  expected  that  the  instructor  will  study  -the  references  in  preparation 
for  annotating  the  guide.    It  is  also  expected  that. each  instructor  will 
develop  an  appropriate  introduction  for  each  topic  that  will  (1)  create 
interest,  <2)  show  the  value  of  the  topic  to  the  student,  (3)  relate  the 
topic  to  previous  and  future  topics  in,  the  course,  and  (4)  communicate  the 
learning  objectives  »o  the  student.    Well  prepared  introductions  will  then 
provide  the  important  motivational  conditioning  to  establish  readiness  and 
effect  for  learning  appropriate  to  e,irh  topic,  „ 
* 

The  first  page  of  each  indtfuctor  guide  contains  the  following  functional 
information: 

> 

1.  Topic  of  Lesion 

2.  Time  in  Periods 
3.,  References 

^  4.     Instructional  Aids  * 

5.  Instructional!  Materials 

6.  Objectives  (Terminal  and  Enabling)  , 

7.  Topic  Criterion  Test  (as  applicable) 

8.  Homework  Assignment  ^i*hen  applicable) 

*  * 

The  pages  following  page  1  of  each  instructor  guide  provide  in  a  three- 
column  format  the  teaching/learning  procedures  for  conducting  the  lesson. 
The  left-hand  column  includes  the  outline  of  instructional  content  required 
by  the  objectives;  the  center  column  includes  recommended  instructor  activities 
or  methodology;  the  right-hand  column  contains  recommended  student  learning 
activities. 

a/'  While  the  methodology  and  student  learning  activities  documented  in 
each  instructor  guide  have  been  tested  and  proven  to  be  effective  for  the 
lead  sphool,  those  schools  implementing  this  curriculum  are  encouraged  to 
exercise  creativity  in  designing  learning  exercises  and  conceiving  methods 
.and  techniques  to  meet  course  objectives. 

b.    Instructors  and  supervisors  of  instruction  should  constantly  evaluate 
the  program  and  seek  ijetfjand  more  effective  methods,  content,  and  procedures 
to  improve  their  instruction.    When  changes  in  this  curriculum  become  necessary 
because  of  new  developments  or  be'eause  of  needs  that  become  evident  through 
experience  gained  in  using  the  curriculum,  the  school  command  is  encouraged 
to  take  appropriate  action.    The  types  of  changes  and  the  conditions  under 
which  they  will  be  mkde  are  as  follows:  -  . 

»  > 

(1)    Type  A  changes  and  those  of  course  lengthy  change  in  title  of 
the  course;  or  addition,  deletion  or.  alternation* of  blocks  of  subject  matter 
to -such  au-exteatr  that  the  objectives  of  courses  are  changed ,.jar.' that  logistics,, 
personnel  allocations,  funds  and  the /like  become  invplved.    For  Typq  A  changiB, 
the  CNTECHTRA  (Code  0162A)  must  participate  in  the  planning,  development  and 
execution.  ^Type  A  changes  may  not  be  made  effective  until  approved "by  the 
Chief  of  Naval  Technical  Training.' 
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<2)    Type  B  changes  are  those  Within  established  structure  of  the 
course  such  as  changes  in, instructional  emphasis  that  are  brought  about  by 
changes,  in  topic  content  or  time  re-allocation  (other  than  minor  adjustments 
in  time),  changes  in  instructional  procedures,  and  similar  actions  that 
will  alter  the  objectives  of  a  topic.    For  Type  B  changes,  approval  of  the 
Chief  of  Naval  Technical  Training  must  bi  gained  prior  to  implementing 
the  changes. 

(3)    Type  C  changes  Include  corrections  of  clerical  errors;  insertion 
of  titles  and  designations  oAiev* films;  publications,  and  equipment;  minor 
adjustments  in  time  allocations;  additional  suggestions  to  assist  the  instructor 
and  so  forth".    For  Type  C  changes,  the  Chief  of  Naval  Technical  Training  must 
be  notified  in  writing  of  the  nature  of  the  changes,  with  sufficient  information 
on  the  mechanics  of  the  changes  to  make  possible  the  maintenance  of  an  up-to- 
date  copy  of  the  curriculum.    In  ordir  to  avoid  unnecessary  paper  work, 
Type  C  changes -may  be  accumulated  and  reported  only  when  the  quantity  or 
occasion  warrants. 

c.    Formative  Test:    During  the  classroom  phase  of  the  instruction  at 
specific  checkpoints  identified  by  the  instructor,  informal  written  tests 
will  be  administered  to  demonstrate  mastery  of  specific  subjects •  These 
tests  are  designed  to  reinforce  learning.    Tests  are  administered  at  the 
end  of  each  unit  of  instruction.    Formal  tests  may  vary  from  10  -  25  multiple- 
choice  questions  and  will  have  bearing  to  influence  class  standing  and  to 
determine  honor  graduates, 

>  * 

7.    Peer  Instruction. 

It  is  envisioned  that  those  students  who  learn  faster  or  who  have  previously 
developed  a  particular  skill  can  be  used  (after  demonstrating  proficiency 
in  the  subject)  as  peer  instructors  to  assist  alow  learners.    This  technique 
enhances  motivation  and  early  subject  mastery  while  minimizing  requirements.  . 
Care  should  be  taken  not  to  pair  students  with  widely  disparate  learning 
abilities,  i.e.,  a  student  who  has  finished  step  10  should  not  be  paired* 
with  a  student  who  is  finishing  step  2.    He  should  help  a  student  who  is 
finishing  step  8  or  9  and  a  student  who  has  finished  step  3  or  4  should 
help  the  student  at  step  2.    In  this  way,  there  is  a  better  chance  that  there 
will  be  no  resentment  of  the  peer  instructor  and  he  will  also  receive 
.reinforcement  from  tfhe  instructibn,  having  Just  completed  the  task  himself. 
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OUTLINE  OF  INSTRUCTION 
PHASE  1 
GASOLINE  ENGINES 


TOPIC 

UNIT  1 

t 

CLASS 

PRACT 

TOTAL 

PAGl 

Introduction' 

1.1.0 

NAVCONSTRACEN  Indoctrination 

4 

0 

4 

'5 

1.1.1 

Registration  and  Orientation 

1 

0 

1 

5 

1.1.2 

Study  Techniques 

0 

5 

1.1.3 

Safety  Policies 

7 

0 
0 

7 

5 

UNIT  2 

• 

Gasoline  Engine  Repair  and  Adjustment 

1.2.1 

Internal  Combustion  Engine  Principles 

15 

5 

20 

6 

1.2.2 

Electrical  System  Principles 

18 

4 

22 

6 

uasoxiuc  Dugxuv  uxsasocmoxy 

A 

H 

11 

0 

^1.2.4 

Inspection,  and  Measuring  of  Engine 

5 

10 

15- 

6 

Components 

1.2.5 

Gasoline  Engine  Assembly 

2 

8 

10 

6 

1.2.6 

Gasoline  Enffine  TrntihlA    Hi affnofii a 

15 

7 

and  Adjustment 

54 

49 

103 

PHASE  2 

1 

DIESEL  ENGINES 

• 

UNIT  1. 

Caterpillar  Diesel  Engine  Operation 

and  Maintenance 

2.1.1 

Caterpillar  Diesel  Engine  Operation 

5 

2 

7 

7 

, 2.1.2 

Caterpillar  Diesel  Engine  Maintenance 

11 

13 

24 

7 

16 

15. 

31 

UNIT  2 

International  Diesel  Engine  Operation 

and  Maintenance 

2.2..1 

International  Diesel  Engine  Operaticm 

2 

2 

4 

8 

2.2.2 

International  Diesel  Engine  Maintenance 

11 

18 

29 

8 

13 

2fr 

33 
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COURSE  DATA  PAGE 

mittF  MISSION-  To  provide  basic  technical  knowledge  and  skills  In  performing 
WiUfcb  MISSION.    To  pr  Ad  conatruction.  squipment  in  preparation 

SJBtlSK«TJ^~  construction  fore.  a.  Construction  Mechanics. 

PREREQUISITES:    Selected.CN,  CA,  SN,  FN-and       candidates  should  be 
volunteers  for  Group  VIII  ratings. 

.  OBLIGATED  SERVICE:    See  TRANSMAN,  NAVPERS  15909 
SECURITY  CLEARANCE  REQUIRED:    None.  * 
NEC  GAINED:  None 

PHYSICAL  REQUIREMENTS:    None  .  » 

PREREQUISITE  TRAINING  AND'/ OR  BASIC  BATTERY  TEST  SCORES  REQUIRED: 

USN    -  GCT  +  Mech  +  Shop  Pract  -  150 
USNR  -  GCT  +  Mech  *  100 


CRADING  WEIGHT  FACTORS:    Performance  of  tasks  throughout  the  course  will 
oeiradef  on  a  go/no  gtf  basis  with  written  tests  given  at  the  end  of  each 
topic .  * 

Final  result  to  be  kass  ranking  specifically  designed  to  enable  the  Commanding 
Officer  to  comply  w^ith  Bureau  of  Naval  Personnel  directives  votive  to 


class  standings. 


C 

\ 
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TOPIC     UNIT  2 


CLASS,  PfeACT 


TOTAL 


PACE 


Graduation 


4.2.1 


Graduation 


0, 
0 


1 


I 
T 


*  Total  Classroom  Periods    -  163  •  » 

*  Total  Practical  Periods    -  232 
Total  Periods  for  Course  -  395 

Total  Weeks  for  Course  -  13  Weeks  and  5  Hours  , 

**   Total  GMT  Periods  -  66 
***   Total  Admin  Time   -   9  hours 

*  All  periods  represent  60  minutes  of  actual  instruction 


**   GMT  -  General  Military  Training  required  by  OPNAV  Instructions  1500.22 
Series,  6330*1  Series  and  other  current  instructions  to  include  physical 
training,  upward,  drug  and  alcohol  abuse,  etc. 

***  Admin  Time  -  Time  before  graduation  to  permit  out-processing  of 
students,  i.e.  shots,  JAMTO,  text  book  return,  course  critique, 
BEQ  and  school  field  day.  .  - 


M 


4 
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TOPIC     UNIT  3 

General  Motors  Diesel  Engine  Operation 
and  Maintenance 

General  Motors  Diesel  Engine  Operation 
2.3.2     General  Motors  Dieiel- Engine 
Maintenance 

UNIT  4 

Cummins  Diesel  Engine  Operation  and 
Maintenance 

2.4.1  Cummins  Diesel  Engine  Operation 

2.4.2  Cummins  Diesel  Engine  Maintenance 


UNIT  5 

LD465-1  Multifuel  Engine  Operation 
and  Maintenance 

2.5.1  LD465-1  Multifuel  Engine  Operation 

2.5.2  LD465-1  Multifudl  Engine  Maintenance 


CLASS 

PRACT 

TOTAL 

PAGE 

4 
10 

2 
16 

6 
26 

** 

8 
8 

14 

18 

X 

2 
8 

2 

4 
21 

9 
9 

10 

15  W 

25  . 

3 
8 

2  ' 
15 

5 
23 

9 

10 

11 

17. 

28 

PHAS^  3 

' AUTOMOTIVE  CHASSIS  AND  POWER  TRAIN 


3.1.1 
3.1.2 
3.1.3 
3.1.4 


UNIT  1    .  10 

Automotive  Chassis  and  Power  Train 
Maintenance 

Suspension  System  Service     -  v 

Automotive  P.ower  Train  Service 

Brake  System  Service 

Servicing  the  M-715  1  1/4  Ton  Cargo 

Truck 


PHASE  4 

HEAVY  EQUIPMENT  CHASSIS  AND  -POWER  TRAIN 


5 

8 

13 

10 

6 

29 

35 

10 

7 

20 

27 

11 

4 

•  4 

8 

11 

22 

61 

83 

UNIT  1 

Crawler  Tractor  Power  Train  Maintenance 

4.1.1  Oxy-Mapp  Gas  Cutting 

4.1.2  Construction  Equipment  Power  Trains 
4„J..,_3-:_  Adjustment  of  International  Model  260 

Cable  Control  Unit 


2  . 

4 

» 

6 

11 

12 

30 

42  " 

12 

2 

2 

4 

12 

16 

36 

52 

9 
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Topic  1.2.1    INTERNAL  COMBUSTION  ENGINE  PRINCIPLES        Contact  Hours:  20 

Enabling  Objectives:    Upon  completion  of  this  topic  ear.h  student  will  be 
able  to  identfiy  and  select  with  100%  accuracy  all  engine  parts  while 
considering  principles  of  operation  of  an  internal  combustion  engine. 
He  will  be  evaluated  on  a  continuing  basis.    Throughout  the  engine  dis- 
assembly, measuring  and  inspection  of  parts  and  reassembly  sections  of 
CM  "A"  JS  1.2.3.1. 

Topic  1.2.2    ELECTRICAL  SYSTEM  PRINCIPLES  Contact  Hours:  22 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be 

able  to  identify  by  name  the  following  electrical  system  components:  The 

ignition  system,  the  cranking  system,  the  charging  system,  the  lighting 

system,  and  the  accessory  system  and  explain  the  operating  principles 

of  each  system  with  100%  accuracy.    Each  student  will  be  evaluated  on 

a  continuing  basis  throughout  engine  disassembly,  assembly  and  specifically 

CM  "A"  JS  1.2.6.1,  Gasoline  Engine  Trouble  Diagnosis  and  Adjustment. 

Topic  1.2.3    GASOLINE  ENGINE  DISASSEMBLY  Contact  Hours:  11 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be 
able  to  disassemble  a  six  cylinder  gasoline  engine  while  working  as  a 
member  of  a  two  (2)  man  team,  using  a  Ford,  240  cubic  inch  engine.  He 
will  use  all  appropriate  handtools,  special  tools  and  shop  equipment.  The 
task  will  'be  accomplished  while  adhering  to  manufacturer's  specifications 
and  recommendations  without  deviation  as  specified  in  Job  Sheet, CM   A  JS 
1.2.3.1,  Gasoline  Engine  Disassembly,  Inspection  and  Assembly. 

Topic  1.2.4    INSPECTION  AND  MEASURING  OF  ENGINE  PARTS    Contact  Hours:  15 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be 
able  to  clean,  inspect  and  measure  engine  parts  of  a  Ford  240  cubic  inch 
gasoline  engine  while  working  as  a  member  of  a  two  (2)  man  team.  He 
will  use  appropriate  handtools,  special  tools,  measuring  instruments  and 
cleaning  materials.    All  measurements  will  be  recorded  in  appropriate 
spaces  on  Job  Sheet  and  compared  to  manufacturer's  specifications  to 
determine  extent  of  wear.    All  procedures  will  conform  to  manufacturer  s 
specifications  without  deviation  as  specified  in  Job  Sheet  CM   A  JS 
1.2.3.1.  Gasoline  Engine  Disassembly,'  Inspection  and  Assembly. 

Topic  1.2.5    GASOLINE  ENGINE  ASSEMBLY  -  Contact  Hours:  10 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be 
able  to  a8semblc-a^ix^l-inder--g^ — 
of  a  two  (2)  man  team,  using  a  Ford,. 240  cubic  inch  engine.    He  will  use 
'  all  appropriate  handtools,  special  tools,  shop  equipment  and  materials. 
The  task  will  be  accomplished  while  conforming  to  manufacturer  s ^ 
specifications  without  deviation  as  specified  in  Job  Sheet  CM   A    JS  l.*.J.i 
Gasoline  Engine  Disassmebly,  Inspection  and  Assembly.  h  » 

f.  ■ 
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OUTLINE  OF  TRAINING  OBJECTIVES 

^tnxt  Contact  Houyrg:  7 

UNIT  1.1    INTRODUCTION  ,  ~ 

NAVCONSTRACEN  and  CBC,  reviewed  class "J*1"^  ™<  be-derived 

r»dVJjr^^er^n;;s::dwm  s       — -  . 

Topic  1.1.0    NAVCONSTRACEN  INDOCTRINATION  •  Contact  Hours:  4 

Enabling  ObJeAives,    Upon  ccpletlon  of  this  topic  each  .tudant^U  »« 

Answer  Questions  pertaining  to  key  points  on  tne  orgouj.* 
fission  ^regulations  of  CBC'and  NAVCONSTRACEN.    The  student  will 
complex  Response  Sheet  001/911C  with  100%  accuracy. 

Topic  1.1.1    REGISTRATION  AND  ORIENTATION  Contact  Hours:  1 

c    mn.  nhlectives-    Upon  completion  of  this  topic  each  student  will  have 

bourse    rec ived ™  ^J^U  ' 
rSTlcSS'-  .S^iS^Td-  school  without  ref.rence  to 
written  material.  r 

Topic  1.1.2    STUDY  TECHNIQUES  '       \copcact  Hours:  1 

£3 tn.  taotor.  oontrttut".  «  the  enhancement  of  good  study  technics. 

'  Topic  1.1.3    SAFETY  C°"M"  1 

„    ..n—  Ohl.ctlves-    Upon  completion  of  this  topic  each  student  will  be 
sb!e  toSprop:ny  reportPfires  and  accidents  and  list  the  safety  practices 
that  will  be  enforced  in  this  school. 

UNIT  1.2    INTERNAL  COMBUSTION  ENGINES  <  Contact  Hours:  103 

Terminal  Objective:    Upon  completion  of  this  unit  each  student  will  be  atle. 
IVtf,  2&  «J-  J -e  and  adiust  a  ^U. er  g*-^ , 
engine  .using  a  Ford,  240  J  |cconplish  Ihis  task  in  accordance  . 

^loolneets^A"  J       2.3  1   C.sollnePE.gi«a-  Disassembly,  Inspecc- 
wich  J»b  S1»"!_™.       "...  JS  1.2.6.1,  Gasoline  Engine  Diagnosis  and  Ad- 
u°^tAMu;onyco»Pletio  •  o f^lS^^ 
Ttl^rr  iot«fo^of8lof-e21BIn;n;s         pressure  and  coolant 
temperature  in  normal  operating  range.  ^ 
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Xetfic  2.2.1    INTERNATIONAL  DIESEL  ENGINE/ OPERATION  •      Contact  Hour.:  4 

Enabling  Objectives:    Upon  completion  of  this  topic  each  • 
able  to  preatirt  check,'  start, -operate  attd  secure  International  dies.l 
emUne  model  429  while  working  as  a  ««mber  of  a  two  (2)  nan  tea*. 
Additionally,  he  will  monitor  instruments  and  interpret  Att 
performance  will  conform  without  error "to  manufacturer's  recon-ahdat^on. 
as  specified  i{n  the  Job  Sheet  CM  "A"  JS  2.2.1.1,  Maintenance  of .  Inter- 
national Diesel  Engines.  ^ 
Topic  2.2.2  'INTERNATIONAL  DIESEL  ENGINE -MAINTENANCE     Contact  Hours:    29  . 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be 
Tie  to^S  international  diesel  engine  model  429,  whi  1.  working  a.  . 

a  member  of  a  two  (2)  man  team.    He  » UA1&?\ Z\  '  ' 

special* tools  and  shop  equipment.    Specifically,  he  will  service  fuel 
inlectioi  systS,  scavenging  system,  cooling  system  and  lubricating  system. 
Ill  talk*  wlll^onform  to  manufacturer's  recommendations  as  stated  in 
joh  Sheet  CM   A   JS  2.2.1.1,  Maintenance  of  International  Diesel  Engines. 

U^T  /3    GENERAL  MOTORS  DIESEL  ENGINE  MAINTENANCE        Contact  Hours:  32 

Terminal  Objective:  Upon  completion  of  this  unit  each  student  will  be  < 
abS  to  operate  and  service  General  Motor.  71  series  dies.l  engines  while. 

as  sp^ifLd  iriJoh  Shl*t  CM  "A"  JS  2.3.1.1,  Maintenance  of  General 
Motors  Diesel  Engines. 

Topic  2 . 3 . 1    GENERAL  MOTORS  DIESEL-  ENGINE  OPERATION       Contact  Hours :  6 
check   «art"^rn  u«  th.  en8l„.,  whiW  altering  the  ln.tr^.«.  • 

Motors  Operation  and  Maintenance. 

•Topic  2.3.2    GENERATORS  DIESEL  ENGINE  MAINTENANCE    Contact  Hours:  26 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student^ will  be 
ab!e  S%ervice1eneralPMotorsP7l-ieries  diesel  engines  -while  using  -  ; 

•  appropriate  handtools,  special  tools,  and  shop  equipment.    He  will 
service  the  scavenging  system,  lubricating  system,  cooling  system  and 

•  ?  *  tt*7Z  All  tasks  will  conform  to  manufacturers  specifications^ 
,  fuel  system.    AJ,i  casus  6,  ,  l"      T  ,         ,  ^  nAn  Te  o  3.1.1.  /* 

without  deviation,  as  specified  in  the  Job  Sheet  CM  A  JS  2.3.1.1,/-  , 
Maintenance  of  General  Motors  Diesel ^Engines. 


topic  1.2.6   GASOUNE  ENGINE  TROUBLE  DIAGNOSIS  Contmct  Hours:  *25 

AND  ADJUSTMENT  V 

folios  Objectives:  Upon  completion  ^u^^tr.r^« 
able  to  test;  tune  and  "oubUehoot  a £*<*^  *M  ^itool,  md  ■ 
a  Ford,  240  cubic  Inch  engine.    Ha  will  uM^app    p  aatablished 

h'sheTcM  vTl STJ.    « Olagno.is  fd. Adjustment, 
by  Job  Sheet  CM    a    jo  irv,i'                            Qoerifications  as  to 
The  engine  will  be  cubed  to  .eet  yanufacturer  s^speclflc^  ^   

gSSSS  luT^^HnSer   His  performance  will  comply  i 
with  Job  Sheet  procedures  without  'error. 

UNIT  2.1    CATERPILLAR  DIESEL  ENGINE  OPERATION  AND  Contact  Hours:  31 

*         ~  MAINTENANCE 

«f  thi*  unit  each  student  will  be  able 
Terminal  Objective:    Upon  c<^"*"  *  J^gSS,  models  D-342  and 

Diesel  Engines, without  error.  ( 
'  Topic  2.1.1   CATERPILLAR  DIESEL  ENGINE  OPERATION         ■  Contact  Hours :  7 

Enabling'  Objectives:    Upon  completion «  *U  ' 
able  to  prestart  check,  star  ,  run  and and  lnterpreting 
models  D-342  and  "-""'•""iJ'^f^"^  Manufacturer's  reco-endations 
Stated  ifM'SS  SVSTlll.  Maintenance  of  Caterpillar 
Diesel  Engines,  without  error. 

Topic  2.1.2    CATERPILLAR  DIESEL  ENGINE  MAINTENANCE     .    Contact  Hours:  24 
Enabling  Objectives: 

able  w«^2^^il^SiirK^hoii.«l«lP«t.  Specifically 
appropriate  hand  tools,  special  co  sysCejns  and  adjustment  of 

he  will  service  ^^gS^il  ~H  ^acturer's  specifications 
^peclS  £^^5  ^2.1.1.1,  Maintenance  of  Caterpillar  . 
Diesel  Engines,  without  deviation.  S 
_.  ,UNH  2.2-  IHTRR?tATIONAL-DIESEL— ENGINE-MAINTENANCE^'  Con*ect.-HOU*aiv'33 

Terminal  Ob  ectlve:    Upon  ««?%*£*^^tt£~L 
able  to  operate  and  service  International  oi"e^™8™  ,u  appropriate 
working  as  a  member  of  a  two  <2>  man  team.    He  will  use  a      ™  £ 
•  Stools,  special  tools  -d  ^SXiJSl  s  schooling  svs- 
.IL'XZIX  %s\Z    all \er=  £11  comply  without 

^  1 


2? 
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UNIT  2.4  -CUMMINS  DIESEL, ENGINE  MAINTENANCE  Contact  Hours:  p 

*     <«i  nh< Active-    Uoon  completion  of  this  unit,  each  student  will  be 
JT *S  o^rate  and  service  Se  Cummins  N.H.  250  diesel  engine  while  using 
Spli  .b?eTandtooL    fecial  tools,  and  shop  equipment.  -  Specifically, 
Z  wnfooerate  a  Cummins  dieael  engine  and  service  the  fuel  system, 
he  will  operate  «  ^umu^i.  „„„,..,■,     iii  r«.k*  will  meet  manufacturer's 

reoiina  system  and  scavenging  system.    All  tasics  win  ae«st 
deifications  and  recommendations  without  deviation  as  specified  in  Job 
Sheet  CM   A   JS  2 .4  1 . 1 ,  Maintenance  of  Cummins  Diesel  Engines,  without 
deviation.  • 


Topic  2.4.1    CUMMINS  DIESEL  ENGINE  OPERATION  Contact  Hours:  4 

■  Tm-Min*  oblectives:    Upon  completion  of  this  topic  each  student  will  be 
aSletS  operate  a  Cummins  N.H.  25/)  die.el  engine.    He  will  prestart 
chiSk   .tar" "run  and  aecure  th.  angina  whila  J*"^"' 
and  intarprating  their  readings His  performance  shall  conform  to 
^uftctu?.;'.  fecommandations,  without  error,  m  specified  in  Job  Sh.at 
CM  "A'VJS  2.4.1.1,  Maintenance  of  Cummins  Dieael  Engines . 

Topic  2.4.2    CUMMINS  DIESEL  ENGINE  MAINTENANCE  Contact  Hours:  21 

Diesel  Engines ^without  deviation. 

UNIT  2.5*  LD465-1  MULTIFUEL  ENGINE  MAINTENANCE  Contact  Hours:"  28 

SSjs  tths riT»M»r 

Maintenance,  without  deviation.  ^ 

Topic  2.5.1   LD465-1  MULTIFUEL  ENGINE  OPERATION^  Contact^ Hours:  5 

"  Enabling  ibjaltivVJ  *Upon  completion  of  this  topic •Jggjg11  b* 
able  to  prestart  check,  start,  run  and  secure  the  LD465-1  Multifual 
Ina'ne  while  monitoring  instruments  and  interpreting  readings.  AJ1 
J««*nee  will  conform  to  manufacturer's  »ecommendationa  as  stated  in 
*  l£  ™ltl.t  M  ?  jf2  5  "l,  LD465-1  Multifual  Engin.  Maintananca, 
without  deviation.  4 
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Topic  2.3.2  1*463-1  MUlTtFUIl  WKfVM  HttWWAMa- .      Contact  Hour a i  23 

Enabling  Objactivee:   Upon  completion  of  thii  topic  each  itudtnt  will  be 
able  to  aarvice  the  LD463-1  Multifual  engine  ueing  appropriate,  handtoola , 
apacial  toola  and  ahop  equipment.    Specifically,  ha  will  eervica  the 
fuel  ayatam,  cooling  ayatam,  lubricating  eyetem  and  acavanglng 
All  taaka  will  conform  to  manufacturer^  apacificationa  aa  apacified 
in  Job  Sheet  CM  "A"  J3  2.5.1.1,  LD463-1  Multifual  Engine  Maintenance, 
without  deviation. 


UNIT  3.1   AUTOMOTIVE  CHASSIS  AND  TOWER  TRAIN  Contact  HouraJ  S3 

MAINTENANCE 

Terminal  Objective:    Upon  conpletion  of  thia  unit  each  atudant,  while 
working  aa  a  member  of  a  two  (2)  man  team,  will  be  able  to  aarvice 
automotive  chaaala  and  power  train  componenta_uaing  appropriate  hand- 
toola, apacial  toola,  ahop  equipment  and  matariala.  Specifically, 
ha  will  aarvice  auspanaion  ayatam,  power  train  and  brake  ayatam,  of  the 
M713,  1  1/4  ton,  cargo  truck.   All  taaka  will  conform  to  manufacturer  a 
apacificationa,  without  error,  aa  apacified  in  the  Job  Sheet  CM  A  js 
3.1.1.1,  Servicing  the  Power  Train?of  the  M713,  1  1/4  ton  Cargo  Truck. 

Topic  3.1.1    SUSPENSION  SYSTEM  SERVICE        N  Contact  Kourat  13 

Enabling  Objectivea:    Upon* completion  of  thia  topic  each  atudant,  while 
working  aa  a  member  of  a  two  (2)  man  team,  will  be  able  to  ••ryica 
fiuapanaion  ayataa  componanta  uaing  appropriate  handtoola,  apacial  tooia, 
•ad  ahop  equipment.    Specifically,  he  will  aarvice  tiree,  tubea,  wheela, 
Tnd  atairing  ayitama  of  the  M715,  1  1/4  ton  cargo  truck.    All  taaka  will 
conform  to  manufacturar'a  apecificationa  and  racommendationa  without 
«rror  aa  apacified  in  the  Job  Sheet  CM  "A"  JS  3. 1.1.1,'  Servicing  the 
Power  Train  of  the  M715,  1  l/4  Ton  Cargo  Truck. 

Topic  3.1.2    AUTOMOTIVE  POWER  TRAIN  SERVICE 

Enabling  Objectivea:    Upon  completion  of  thia  topic  aach  atudant,  while 
working  aa  a  member  of  a  two  (2)  man  team,  will  be  able  to  aarvice.  power 
-train  componanta  uaing  handtoola,  apacial  toola,  ahop  equipment  and 
matariala.    Theaa  taaka  will  conaiat  of , aarvice  to  clutch,  traniemiaelon, 

^iva^tftr.'airdnlriveTuelaa  orfKe~M715-rr~W  tf^eaTgo^rucfcr 
All  performance  will  conform  to  manufacturar'a  apacificationa  without 
*rror  aa  apacified  in  Job  Sheet  CM  "A"  JS  3.1.1.1,  Servicing  the  Power 
Train  of  the  M715  1  1/4  Ton  Cargo  Truck. 


^  Contact  Houfat  33 
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Topic  3.1.3    BRAKE  SYSTEM  SERVICE  ^Jt 


Contact  Hours;  27 


Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will"  be 
able  to  service  hydraulic  brake  system,  while  working  as  a  member  of  a 
two  (2)  man  team.    Using  appropriate  handtools,  special  tools,  and  materials 
and  shop  equipment.    He  will  replace  worn  hydraulic  system  parts  and  bleed 
and  adjust  the  system  of  the  M715,  1  1/4  toa  cargo  truck.    All  performance 
will  conform' to  manufacturer's. specif ications  without  deviation  as 
specified  in  Job  Sheet  CM  "A"  JS  3. 1.1.1,  Servicing  the  Power  Train 
of  the  M715,  1  1/4  ton  Cargo  Truck, 

Topic  3.1-4    SERVICING  THE  M715  1  1/4  TON  CARGO        ,     Contact  Hours:  8 
TRUCK 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be  ' 
able  to  perform  service  procedures  to  the  M715,  1  1/4  ton  cargo  truck, 
Specifically,  he  will  locate  service  points,  dispense  appropriate- 
lubricant,  and  check  fluid  levels  while  using  appropriate  handtools, 
lubrication  equipment  and  lubrication  orders.    All  performance  will 
meet  manufacturer's  specifications  as  specified  in  the  Job  Sheet  CM  "A" 
JS  3.1.1.1,  Servicing  the  M715  1 1M  Ton  Cargo  Truck. 

UNIT  4.1    CRAWLER  TRACTOR  POWER  TRAIN  MAINTENANCE  Contact  Hours:  52 

i Terminal  Objective:    Upon  completion  of  this  unit  each  student  will  be  . 
able  to;    (1)  Service  the  power  train  and  chassis  units  of  the  Caterpillar 
D4D  Crawler  tractor.  .Using  appropriate  handtools,  special^toola,  shop 
equipment  and.oxy-mapp  gas  outfit,  he  will  remove,  disassemble,  inspect 
and  replace  worn  parts ,  assemble  and  adjust  the  master  clutch,  trans- 
mission, steering  clutches,  final  drive/sprocket  assembly, .bevel  gear 
assembly  and  tra^k  roller  frame  assembly.    All  tasks  will  .meet  manufacturer's 
specifications  without  deviation  as  specified  in  Job  Sheets  CM  "A"  JS 
4.1.1.1,  Oxy-aapp  Gas  Heating  and  Cutting  and  CM.  "A"  JS  4.1.2.1, 
Servicing  the  D4D  Caterpillar  Crawler  Tractor  Power  Train,  and  (2)  Adjust 
the  International  model  260  Cable  Control  unit  using  appropriate  hand- 
tools  ans  shop  equipment.    All  adjustments  will  conform  without  deviation 
to  Manufacturer fs  specifications  as  specified  in  the  Job  Sheet  CM  "A"  JS  * 
4.1.3.1,  Adjusting  International  Model  260  Cable  Control  Units. 

Topic  4.1.1    OXY-MAPP.GAS  HEATING  AND  CUTTING  Contact  Hours:  6 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be 
able  to  safely  set  up,  operate  and  secure  oxy-tnapp  gas  welding  outfit 
td  accomplish  a  heating  and  cutting  operation  as  specified  in  the  Job 
Sheet  CM  "A"  JS  4.1.1.1,  Oxy-Mapp  Gas  Heating  and  Cutting,  without 
deviation. 


Topic  A. 1.2   CONSTRUCTION  EQUIPMENT  POWER  TRAINS  Contact  Hours!  42 

Enabling  Objtctivts;    Upon  coaplstion  of  this  topic  aach  student  will  ba 
•bit  to  sarvica  tha  povar  train  and  chassis  units  of  tha  Catarpillar  D4D 
Crawlar  Trsctorwhilt  using  spnropriats  handtools.,  spacial  tools,  shop 
•quipmsnt  snd  matsrUls.    Spadlfically,  hs.  will  ramovs,  disssssabla, 
inspsctr  raplae'a  worn  parts,  tssanblr,  lubricsts  snd  sdjust  tht  aasttr 
clutch,  tranaaiasion,  staaring  clutchHS,  finsl  drivt/tprocktt,  btvtl 
gtsr  assaably  snd  trsck  rolltr  fratua  aaaaably.    All  tasks  will-»aet  


manufacturer's  specifications  witho»"".  dtvistion  ss  sptcifitd  in  Job 
Shttc  CM  "A"  JS  4.1.2.1,  Strvicing  tht  D4D  Catarpillar  Crswlsr  Tractor 
Powtr  Trsin.  ^ 

Topic  4.1.3   ADJUSTMENT  OP  INTERNATIONAL  MODEL  260        Contsct  Hours  I  « 
CABLE  CONTROL  UNIT  * 

Enabling  Objtctivts:    Upon  completion  of  this  topic  each  student  will  bt 
tblt  to  adjust  ths  Inttrnstional  Modal  260  Csbls  Control  Unit  using 
spproprists  hsndtools  and  shop  squipmsnt.    All  adjustasnts  will  conform 
to  manufacturer's  sptcificstions  without  dsvistion  as  spscifisd  in  tha 
Job  Shaat  CM  "A"  JS  4.1.3.1,  Adjusting  ths  Intsrnational  Modal  260  Cablt 
Control  Unit. 
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17.    Operation  ud  Maintenance  Instructions,  at*^n»r;D-333  and  D-330 
Indu.trial  Engine., lo^Tf E045040-02 ,  Caterpillar  Tractor  Co., 
Peoria,  Illinoia  61602. 

,8.    Operation  and  Maintenance  InatructW  Caterpillar  D-342  Engine, 
Form  FB31603-9,  Caterpillar  Tractor  C\,.  *"rU,  Illinoia  61602. 

19.    Organizational  Direct  Support  and  G.ner.1 W^l**?™**  f? 
'   Model  M-715,  1  1/A  Ton,  4xA  Cargo  Truck  TM9-2320-2^-3«. 

.      20.    Organizational  Direct  Support  and  General  Support,  Repair  Part,  and 
Special  Tool  List  for  Truckr  Cargo,  1  1/A  Ton,  4x4  M-715,  TM9- 
2320-244-34P. 

21.    Service  Manual  for  Caterpillar  D-4  Tractor,  Serial  No.  78A1-UP, 
Caterpillar  Tractor  Co.,  Peoria,  Illinois  61602. 

22  Service  Manual  International  Cable  Control  Unita  Form  *SS-J513, 
International  Harve.ter  Co. ,  401  North  Michigan  Avenue,  Chicago, 
Illinoia  60611. 

23  Service  Manual  International  429  Serie.  Diesel  Engine,  ^^S1530D, 
international  Harvester  Co.,  401  North  Michigan  Avenue,  Chicago, 
Illinois  60611. 

24  '  Service  Manual  Roo.aMaat.r  Fuel  Injection  Pump  for  I»t«rtu^°"Ll 
24*    Diesll  Enlines,  Form  ISS1042D,  International  and  H^onat^uction 

Equipment,  401  North  Michigan  Avenue,  Chicago,  Illinois  60611. 

?s     Service  Training  Outline,  Cable  Control  Unita,  Modela  260,  270  and  280 
!E£2'S2?cLS.  »■*.  international  Harve.ter  Construction 
Equipment  Divi.ion,  401  North  Michigan  Avenue,  Chicago,  Illinoia  60611 

26.    The  Principles  of  a  Mechanical  Governor,  Bulletin  983601,  Cummins 
Engine  Co. Inc.,  Columbus,  Indiana  47201. 

27     V-71  Engines,  Detroit  Diesel  Operator's  Manual,  Form  6SE215  (Current 
Series)!  Detroit  Diesel  Engine,  Division,  GM  Corp.,  Detroit, 
J       .    Michigan  4,8228., 

28.    Steelworker  3  &  2,  NAVPERs"l0653-F. 

1969  Ford  Truck  Shop  Manual,  Vol.  Three,  Ford  Service  Publications, 
Ford  Motor  Co.,  Dearborn,  Michigan  48207. 


29. 

30, 


1969  Ford  Truck  Shop  Manual,  Vol.  Two,  Ford  Service  Publication, 
Ford  Motor  Co.,  Dearborn,  Michigan  48207. 
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ANNEX  <I 


TEXTS 

1.  Aneroids',  Cummins,  Bulletin  No.  985605-R,  Cummins  Engine  Co.  Inc., 
Columbus,  Indiana  47201. 

2.  'Automotive  Mechanics  6th  Edition,  McGraw-Hill  Book  Co. 

3.  Automotive  Electrical  Equipment,  Seventh  Edition,  McGraw-Hill  Book 
Co. 

4.  Construction  Mechanic  3  &  2,  NAVPERS  10644-F. 

5     Cummins  Diesel  Engines,  Construction,  Industrial,  Industrial  Fire 
5'    Pu£    Log  "g,  Mining,  Railway,  Generator,  Operation  and  £~ce 

Manual,  Bulletin  No.  983711705,  Cummins  Engine  Co.  Inc,  Columbus 

Indiana    47201.  /  ) 

6.  -  Cummins  Tune-up  and  Trouble-Shooting,  Bulletin  No.  983643-CE, 

Cummins  Engine  Co.  Inc.,  Columbus,  Indiana  47201., 

7.  Detroit  Diesel  Field  Service  Data  (Military)  Form  18SZ51,  ^troit 
Diesel  Engine  Division,  General  Motors  Corp.,  Detroit  Michigan  48228. 

8.  Diesel  the  Modern  Power,  Fourth  Edition,  Sixth  Printing,  General 
Motors  Corp.,  Detroit  Michigan  48228. 

•  9.    Direct  Support,  General  Support  and  Depot  Maintenance  for  Engine 
Diesel  (Multifuel)  -Turbocharged,  Fuel  Injected,  Water  Cooled,  6- 
-   cylinder  (LDS465-1)  and  (LD465-1) ,  TM9-2815-210-35 . 

10.    Fluid  Power,  NAVPERS  16193-B. 

11     Get'a  Clear  Picture  of  Your  Turbocharger  and  r  Form  FE035934, 

'    Caterpillar  Tractor  Co.,  Peoria,  Illinois  61602. 

12.  In-Line  71  Series  Detroit  Diesel  Maintenance,  Form  6SE177,  Detroit 
Diesel  Engine  Division,  GM  Corp.,  Detroit,  Michigan  4oZ/o. 

13.  Organisational  Maintenance  Manual  for  Truck,  Cargo,  1  1/4  Ton, 
4  x  4,  M715,  TM9-2320-244-20 . 


14. 


Operator  • s '  Manual"  Internat  ional  UDT  %i 9" 'Engine*  *rt~kt£ctee*tjr, \1 
Form  1-085-250-R1,  International  Harvester  Co.,  401  North  Michigan 


Avenue,  Chicago,  Illinois  60611. 


15.  Operation  and  Adjustment,  P.T.  Fuel  System,  Bulletin  No.  983438-A, 
Cummins  Engine  Co.  Inc.,  Columbus,  Indiana  47201. 

16.  Operation  and  Maintenance  Instructions,  Caterpillar  D-A  Tractor, 
Serial  No.  78A1-UP,  86A1-UP,  Form  34887-2,  Caterpillar  Tractor  Co., 
Peoria,  Illinois  61602. 
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ANNEX  II 

REFERENCES  . 
  »  ) 

L.    Department  of  the  Navy  Safety  Precautions  for  Shore  Activities, 
NAVSO  P-2455  (Current  Series) . 

2.  How  to  Study,  TF  Statojn,  McQuiddy  Printing  Co*,  Nashville,  Tennessee. 

3.  Management  of  Transportation  Equipment,  NAVFAC  P-300. 

4.  NAVCONSTRACENINST  5400,4  (Current  Series)  (Organizational  Manual  of 
NAVCONSTRACEN) . 

5.  Oxy^cetylene  Handbook,  Second  Edition,  Lind'e  Air  Products,  Division 
of  Onion  Carbide,  270  Park  Aventie,  New  York,  New  York  10017. 

Construction  Battalion  Administration,  NAVFAC  P-315. 

7.    Direct  Support,  General  Support  and  Depot  Maintenance,  (including 
repair  parts  and  special  tools)  for  Pump,  Fuel  Metering  and  Distri- 
buting Assembly  (American  Bosch  PSB6A)  TM9-2910-226-35. 
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ANNEX  III 


XQQLSj  gqUIPMF^  m  TRIALS 


FSH/MfG.  NO. 
TOOLS 

55719-VEV-1022-K-B 


ITEM 


Automocive  Handtools  v/cabinet 
Automotive  Shop  Tools 
Battery  Shop  Tools 

«  * 

9HE  4910-00-273-3658     Brake  Fluid  Dispensers 

Caterpillar  Crawler  Tractor  Tools 

9QZ  5180-OO-592-7141     Caterpillar  Diesel  Engine 
^  Special  Tools 

9QL  5180-00-297-8908     Cummins  Diesel  Engine  Special 
x  Tools 

Diesel  Engine  Handtools 

Die.sel  Engine  Shop  Tools 

GM  Diesel  Engine  Special  Tools 

9CD  4930-00-253-2478    •  Grease  Guns 

Heavy  Equipment  Handtools 

Heavy  Equipment  Shop  Todls  and 
Equipment 

International  Diesel  Engine 
Special  Tools 

9GQ  7240-00-255-5996     Lubricating  Oil  Dispensers 
'  •  -  -  *  -    ..    „   Measuring  Instruments  .     ..»  , 

Tire  Shop  Tools 
*  Welding  Shop  Handtools 

9QG  5180-00-932-5345     Tool  Kit  Brake  Service 


9ZL 


24  ea. 


COST 


6  ea. 

3  ea. 
6  ea. 


12  ea. 


i     6  ea. 


374.53 


4  sets 
6  ea. 


40.13 

i 

295.12 
209.93 


2.47 


5.56 


47.90 
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FSN/MFG.  NO. 
EQUIPMENT  (MAJOR) 


2CD  2320-00-246-4077 • 

9GD  3433-00-076-3261 

2CZ  4930-00-236-0806 

2CZ  4940-00-841-9317 

95564/20-20 

2 CD  2320-00-926-0873 

EQUIPMENT  (TEST) 
9LD  6630-00-171-5157 
70L  4910-00-199-8080 
1HL  4910-00-24,1-3081 


ITEM 

Caterpillar  D4D  C/awler  Tractor 
Caterpillar  D3306  Diesel  Engine 
Caterpillar  D342  Diesel  Engine 
Curauins  NH250  Diesel  Engine 
Cummins  PT  Fuel  Injection  Pump 
Ford  240  CI  6  Cyl  Gasoline  Engine 
GM  V6-71  Diesel  Engine 
GM  6-71  Diesel  Engine 
IHC  UDT  429  Diesel  Engine 
IHC  Model  260  Power  Control  Unit 
LD  465-1  Multifuel  Engine 
M715  1  1/4  Ton  Cargo  Truck 
Oxy-Mapp  Gas  Cutting  Outfit 
Portable  Lubrication  Unit 
Portable  Steam  Cleaner 
Tire  Demounter 

2  1/2  Ton  M  Series  6x6  Truck 
5  Ton  M  Series  6x6  Truck 


Battery  Hydrometer 
Ba*«ry  Starter  Testers 
Compression  Tester 


IHC  4910-00-9^6-0410     Cooling  System  Pressure  Tester 


6  ea. 
3  ea. 

3  ea. 
6  ea. 

12  ea. 
12  ea. 

6  ea. 

6  ea. 

4  ea. 
*4  ea. 
*  4  ea. 
12  ea. 

4  ea. 
1  ea. 

1  ea. 

2  ea. 
2  ea. 
2  ea. 

12  ea. 
6  ea. 
12  ea. 
12  ea. 


COST 


9,200.00 


6,000.00 


8,030.00  v- 

345.00 
6,080.00 
2,010.00 

423.00  < 
8,270.00 


1.78 
100.00 
19.50 
13.00 
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QTY  COST 

FSN/MFC.  NO.  ITEM  3 —  "  

EQUIPMENT  (TEST)  (CONT'd) 

9VD  4910-00-199-8125     Tach-Dwell  Meter  12  e»-  95*00 

9HE  4910-00-937-5724     Timing  Light  12  ea-  35 'A8 

1 2  12*42 
9H    4910-00-255-8673      Vacuum  Gauge  "  c** 

MATERIALS  (CONSUMABLE) 

Gasoline  and  Diesel  Engine  Parts 

I 

Batteries 

Brake  System  Parts  Kit 

Caterpillar  Fuel  Filters 

Caterpillar  Air  Filters 

Caterpillar  Oil  Filters 
/       Charging  System  Components 
9GD  9150-00-057-8977      Chassis  Grease 
9GK  6850-00-285-8012     Cleaning  Solvent 
9AP  2640-00-273-1625     Cold  and  Hot  Patch,  Kit 

Cranking  System  Components 

Cummins  Air  Filters  " 

Cummins  Fuel  Filters 

Cummins  Oil  Filters 

.9X0  9140-00-286-5297      Diesel  Fuel  (Drummed^ J>F2^   ^ 

9GK  9l7o^OO-189-6729      itjC.E.  Engine  Oil  HDO  30  37-10  dr« 

9GD  6810-00-297-9^540     Distilled  Water  (5  Gal.  Cont.) 
9GD  4240-00-202-9473      Face  Shields 

Fprd  Engine  Gasket  Sets^^ 
9X0  9130-00-240-8204      Gasoline  (Drummed)  12 -10  dr« 

A-III-3 


24.90  dr. 
20.50  dr. 
22.24  ea. 


8.97  dr. 


3.13  bt. 
2.09  ea. 


y7 


FSN/MFG.  NO. 
MATERIALS  (CONSUMABLE) 
*CK  9150-00-577-5846 


9GD  9150-00-231-9071 
9QZ  5120-00-965-0326 
9QG  5120-00-965-0603 


9GL  6830-00-935-1125 
9GD  8120-00-350-5477 


9GL  6830-00-169-0805 
9GD  8120-00-151-97-58 


7030-269-1272 


9 AH  2640-922-6921 
9DD  8415-268-7860 


ITEM  '  QTY 

(CONT'D) 
Cesr  01 1  £P  90 
CM  Diesel  Air  Filters 
GM  Diesel  Fuel  Filters 
GM  Diesel  Oil  Filters 
Hydraulic  Brake  Fluid 
Igniters,  Torch 
Flint,  Igniters 
Ignition  System  Components 
International  Air  Filters 
International  Fuel  Filters 
International  Oil  Filters 
Mapp  Gas  (Bulk) 
Cylinder,  Mapp  Gas 
Multifuel  Engine  Air  Filters 
Multifuel  Engine  Oil  Filters 
Multifuel  Engine  Fuel  Filters 
Oxygen  (Welding) 
Cylinder  Oxygen 
Sheet  Metal  (Scrap) 
Sweeping  Compound,  Oil  and  Water 
Tifes  ,  . 

Tubes 

Tubeless  Tire  Repair  Kits 

Welding  Gloves  8  em. 


4  ea 


4  ea, 


COST 


42.20  dr. 


2.18  gal, 
.21  ea. 

.18  bx. 


.30  lb. 
20.00 


.01  cu.  ft, 
25.00*  ea/ 

1.40  bg. 


36.03 


3.72  pr. 
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'  3d 


V 


8  ea. 
8  ea. 
4  ea. 
4  ea. 


FSM/HFC.  NO. 

MATERIALS s  (CONSUMABLE)  (CONT'D)* 

9DD  8415-00-250-2531  Apron,  Welding 

9GD  4240-00-203-3804  Welding  Goggles  (Lens  Shade  6) 

9 CD  4720-00-834-2560  Welding  Hose  . 

9GC  3439-00-270-60.47  Welding  Tip  Cleaner 

9GD  3433-00-076-3261  Torch  Outfit,  Cutting  And  Welding     4  ea. 

9GD  3920-00-802-8313  Cart,  Cutting- and  Welding  ty&lt       4  ea. 

Welding  Tips 
9QG  7920-00-401-8034"    Wiping  Rags 
5210-00-640-6177  Plastigage  .001  -  .003 


COST 


10.00  ea. 
1.25  ea. 
27.80  ea. 

1.46  ea. 
345.00  ea. 
72.00  ea. 

'  2.45  bd. 


ANN<EX  IV 


twATHING  AIDS  AND  DEVICES 


■1 

u . 

2.' 

MN1730A 

3. 

MN1730C 

A 

^  • 

MN1730E 

5. 

MN1921G 

6. 

MA3739 

/  7. 

MC7889 

3. 

MN80X6A 

9. 

MN80i£b 

« 

LO. 

MA8070 

MC8146 

Obsolete.  " 

"*„        »,1  'p.rt  I    Derivation "Pascal's  Law- 
Elementary  Hydraulics,  Part  i,  uenvau 

(16  min.) • 

»  n  '     p*Y-r  t    ADDlication  of  Pascal's  Law 

Elementary  Hydraulics,, Part  I,  Appucatiu 

(12  oin.) . 

Elementary  Hydraulics,  Liquids  in  Motion  (13  min.). 
Safety  for  Welders  (17  min.). 

Automotive  Gears,  Principles  of  Operation  (25  min.) 
obsolete.  *  . 

The  Tools  and  Rules  for  Precision  Measuring  (30  min.). 
Basic  Electricity,, The  Electron  Theory  (5  mi*.) .  / 
Basic  Electricity,-  How  Magnets  Produce  ElectWlty  (3  min.); 

Planetary  Gears,  Principles  of  Operation,  Part  I,  Single 
Sets  (18  min.)'.  ^  x  *  w 

The  Gamblers  (20  min.) . 
•2.    HN8594A.  '  Direct  Cu'rr.nt'c«n.ra\ors ,  Theory  of  Operation  (16  .in.).  _ 
„,  '  HC8622B      Bos,  o£  ^Bulldozers. .Caterpillar  Tractor-Co.,  (C  18-). 
l4.    MA8886  .     Catb«ietor  Principles  of  Operation  (25  min.). 

MC9.1/2A21,   A;Matter  of  Time.  Caterpillar  Tractor;  Co. ,  -(23  min.). 

>nsi£ructi 


S*5 

_-L4^-MNa75I 


L7.  MV9S61 

ift.  MH1Q017- 

19.  MC10417- 

20  •  MN8594B 

21 .  MN4£A 


Oxyacetylene  Cutting  Manual  (9  min.).  • 
It  Can  Happen,  -International  Harveater  Co.  (20  min.  1  Color. 
ABC  of  Diese^  Engines  (20  miru).- 

direct  Current 'Motors,  Theor^  of  Operation  (10  min.). 

r  * 

'Diesel  Engine  Governors,  .Part  1  (12  min.). 


4ci 
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FILMS  (Commercial;  Non-Navy ,  Non-(k>vernment) 


1.  76S 


Short  Cut,  New  Tool*  and  Methods,  Caterpillar  Tractor  Co. 

{C-ZQ-mia^.-  ^  =  


2.    OE483         Hydraulic  Brake  Systems. 
3/  9051  Boss  ol  the  Bulldozer,  Caterpillar  Tractor  Co.  (C  20  kin.). 

4.    985566K      Turbocharger,  Cummins  Engine. 


FILMS  (Commercial;  TAMARS  Numbers  Assigned)" 


1.  ABC-001 

2.  ABC-002 

3.  ABC-003 

4 .  CAS-001 

5.  COO-001 

6.  ^OPE-OOl 

7.  OPE-<010 


ABC  Of  Handtools,  Ptfrt  1,.  GM  Corp.  (C  18  min.).  . 

ABC  of  Handtools,  Part  3,  GM  Crop.  (C  15  min.). 

ABC  of  Automotive  Engines,  CM' Corp.  (21  min.). 

The  Case  of  the  Slippery  Oil,  Dana  Corp.  (C  40  min.). 

Cooling  System,  Ethyl  Corp.  (C  20  Min.)* 

Operation  Hour  Glass,  Cummins  Engine,  (C  27  min.).  r 

Operation  and  Maintenance,  Part  1,  Bendix-Westinghouse 
Air  Brakes  (C  24  min.).    4  x 


8^  LET-00T 
9.  ROL-002 


Let ' er  RolTr^iak* 


Btaring~€o-.--(-50-miJH)^ 


The  Roll  of  Drums,  Caterpillar  Tractor  Co.  (20  min.) 
10.    POW-009      Power  Train  "(13  min.). 
FILMS  (Government,  Non-Navy) 

1.  TF9-3276  *  Truck  Cargo,  2  1/2  ton,  6x6  M35A1  (Multi-Fuel  Engine, 

Introduction  and  Operation)  (13  min.). 

'2.    TF9-3469     Multi-fruel  Engine  Principles,  Model  LDS472-2  (24  min.). 

SLIDE,  FILMS.  (ConaoercialO'        ^    ^W         _  „ 

1#  American  Bosch  PSB6A  Fuel  Pump. 

2.  Module  6001  Gasoline  Engine  /principles  of  Operation,  Ford  M6tor  Co. 

* 

3.  SC8620G       IHC  Cable  Control  Units. 

4.  TE-4  IHC  Cable  Control  Units.  ,  -, 

5.  9010K         Introduction  to  Automotive  Electrical  Systems,  Delco-Remy. 
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33 


SMIHt  fTLMS  (Coawercial)  (Cont'd) 


S.  9011K 
7 .  9020K 


rfpcJcotron  Generator  and  the  Charging  Circuit,  D.elco-Reay. 
20,000  Volts  PnUer  the  Hood,  Delco-Remy.  


8 .  9025K 
9. 
10. 


The  Cranking  Circuit,  Delco-Remy. 

Roosa-Mastef  Fuel  Injection  System,  IHC  Diesel  Engines, 
GM  71  Series  Diesel  Engine  Construction. 

W..1        Vital    F-ncHnp  Cnngtmp  H  nn  .  

 1  lUJi  k  —  _  wn^rwn-v  ■-_  ■  


12.  Module  4Gj01 

13.  CT-25 

14 .  CT-26 

15.  JEGO-1104 

16.  JEGO-1106 

17.  JEGO-1706 

18.  JEOO-1601 


19.  JEOO-1602 

20.  JEOO-1603 
21  JEOOr-1604 
22.  JEOO-1606 


Catr  Rear  Axle  Principles  of  Operations,  Ford  Motor  Co. 

Torque  Converter,  International  Harvester  Co. 
(Set  of  56  slides) .  • 

Power  Shift,  International  Harvester  Co.    (Set  of  80  slides). 

Truck  Type  Tractors,  Caterpillar  Tractor  Co. 
(Set  of  65  slides). 

Sprocket  Removal  and  Installation,  Caterpillar  Tractor  Co. 
(Set  of  50  Slides). 

Safety  and  You,  Caterpillar  Tractor  Co.  (Set  of  19  slides). 

Transmission^ Caterpillar  Tractor  Co. 
(Set  of  50  slides) . 

Clutches,  Part  1,  Caterpillar  Tractor  Co.  (Set  of  63  slides). 

j  '.   

Clutch**,- Part  2,  Caterpillar  Tractor  Co.  (Set  of  46  slides). 

Power  Shift,  Caterpillar  Tractor  Co.  (Set  of  54  slides). 

Final  Drives,  Part  1,  Caterpillar  Tractor  Co.  (Set  of  43 
slides) , 


SLIDES  (Individual) 

r.    CM  ""AM"S  4*. 172.1,  "D-8  Crawler  tractor  w/o  Blade".„  . 

2.  CM  "A"  S  4.1.2.2,  "MRS-I-110  Wheeled  Tractor  w/o  Attachments",, 

3.  CM  "A"  S  4.1.2.3,  "IHC  Wheeled  Tractor  w/o  Attachments". 

k.    CM  "A,"  S  K.  1.2. A,  "D-7  Crawler  Tractor  with  Std.  Dozer  Blade". 
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SLIDES  (Individual)  (Concrd) 

5.  CM  "A"-S  4.  J  .2.5,  "D-tf  Crawler  Tractor  with  Angle  Dozer  Blade" 

6:  CM  "A"  S  4,1.2.6,  "955  Crawler  Front  End  Loader  w/std.  Bucket" 

7.  CM  "A"  S  4.1.2.7,  "MRS-S-110  Scraper  with  MRS-t-110  Tractor". 

8.  CM  "A"  S  4.1.2.8,  "Gallon  118-T,  Motor  Grader". 

9.  CM  "A"  S  4.1,2.9,  "3  Axle  Road  Roller". 

10.  CM  "A"  S  4.1.2.10A,  "Sheepsfoot  Roller  (Towed)". 

11.  CM  "A"  S  4.1.2.10B,  "Wobbly  Wheel  Roller  (Towed)". 

12.  CM  "A"  S  4. 1.2. 10C,  "Grid  Roller  (Towed)". 

13.  CM  "A"  S  4.1.2.10D,  "Wobbly  Wheel  Roller  (Towed)". 

14.  CM  "A"  S  4.1.2.11,  "Crawler  Mounted  Crane". 

15.  CM  "A"  S  4.1.2.12,  "Truck  Mounted  Crane' V 

16.  CM  "A"  S  4.1.2.13,  "Wheeled  Mounted  Crane". 

« 

17.  CM  "A"  S  4.1.2.14,  "Air  Compressor,  600  CFM,  Rotary". 

18.  CM  "A"  S  4.1.2.15,  "Master  Clutch  Components". 

19.  CM  "A"  S  4.1.2.16,  "Maeter  Clutch -Brake" . 

20.  CM  "A"  S  4.1.2.17,  "Transmission  Gear  Arrangement". 

21.  CM  "A"  S  4.1.2.18,  "Transmission  Gearshift  Mech.". 

22.  CM  "A"  S  4.1.2.19e,  b,  c,  d,  e,  f,  "Transmission  Interlock". 

23.  CM  "A"  S  4.1.2.20,  "Steering  Clutch  Components.". 

24.  CM  "A"  S  4.1.2.21.,  "Steering  Clutch  Brake  Mechanism". 

25.  CM  "A"  S  4.1.2.22,  "Steering  Clutch  Exposed  View". 

26.  CM  "A"  S  4.1.2.23,  "Steering  Clutch  Assembly  Check". 

27.  CM  "A"  S  4.1.2.24,  "Final  Drive  Operation". 

28.  CM  "A"  S  4.1.2.25}  "Final  Drive  and  Cover  Assembly". 
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SLIDES  andtvldu»i)  (Cont'd) 

2a;  t&  "A"  S  4-,l.*.26u  "Track  and  Roller  Fra«e  Croup".  , 

JO.    CM  "A"  S  4.1.2.27,  "Track  and  Roller  Frame  Link  and  Pins". 


ERIC 


31.  CM  "A"  S  4,1,2.28,  "T&ack  and  Roller  Frame  Pins  and  Links11.  , 

32.  CM  "A"  S  4,1.2.29a,  b,  "Track  and  Roller  Frame  Link  and  Pins11. 

33.  CM  "A"  S  4.1.2.30a,  b,  "Track  Shoes  (TypHj". 

1L.  CM  "A"  S  4.1.2.31,  "Track  Adjustments".  


35.  CM  "A"  S  4.1.2.32,  "Track  Roller  Lubrication". 

36.  CM  "A"  S  4.1.2.33,  "Track  Recoil  Mechanism". 

37.  CM  "A"  S  4.1.2.34,  "Track  Frame  Alignment". 
TRANSPARENCIES    "  ■         ,  . 

1. '    Module  7001  Car  3-speed  Manual  Shift  Transmission' and  Overdrive 

Principles  of  Operation,  Ford  Motor  Co. 

2.  Module  7001  Car  and  Truck  Clutches,  Principles  of  Operation,  Ford 
*  Motor  Co.  « 

CHARTS  (Commercial) 


1. 

Section 

"A" 

Fundamentals  of  -Electricity-rand  Magnetisi,  Delco-Remy. 

2. 

Section 

»B" 

^En^rgizers  and  Batteries,  Delco-Remy. 

3. 

Section 

"C" 

Cranking  Motors,  Delco-Remy. 

4. 

Section 

"D" 

Ignl^Jfon  System,  Delco-Remy.  [ 

5. 

Section 

"E" 

Generators  -  D.C.  Type,  Delco-Remy.     •  v 

,6. 

Section 

"K" 

Fundamentals  of  Delcotron  Generators  -  A.C.  Type,  Delco  Remy, 

7. 

Engine  Cooling  System,  End  View,,  Cummins  Engine  Co. 

,  8.. 

Engine  Cooling  System,  Side  View,  Cummins  Engine  Go.,--    - 

A-IV-5 
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CHARTS  (CoaMrcial)  (Cont'd) 

9.  Engine  Lubricating  System,  End  View,  Cumin*  Engine  Co. 


10.  Engine  Lubricating  System,  Side  Vi«w,  Cumin*  Engine  Co, 

11.  Module  4200   Car  Rear  Axle  Diagnoaia,  Ford  Motor  Co. 

12.  Module  6002    Gasoline  Engine  Diegnoaia,  Ford  Motor  Co. 

IX.    knHtit*  7002    Cat  and  Truck  Clutches.  Diagnoaia  and  Adjustment,  Ford 
Hotor  Cb. 

*H..  Module  7203   Truck  4  and  5  speed  Manual  Transmission,  Principlee  of 

Operations,  Ford  Motor  Co. 

15.  .  p.  T.  Fuel  System  Operation,  Cummins  Engine  Co.<^ 

16.  p.  T.  Fuel  System  Flow,  Cummins  Engine  Co. 
LOCALLY  PREPARED  MATERIALS 

INFORMATION  SHEETS  •  « 


ERLC 


1. 

CM 

"A" 

IS  1.1.2.1  "Study  Techniques". 

■2. 

CM 

"a" 

IS  1.1.3.1  "Safety  Policies". 

3.- 

CM 

"A" 

IS  1.2.2.1  "Maintenance  Of  Lead  Acid  Storage  Batteriee".  * 

•4  . 

CM 

"A" 

IS  1.2.2.2  "Basic  Principles  of  Electricity". 

,5. 

CM 

"A" 

IS  1.2.2.3  "Electrical  Circuits".  > 

J 

6. 

CM 

"A" 

IS  1.2.3.1  "General  Housekeeping". 

7. 

CM 

"A" 

IS  1.2.4.1  "Measuring  instruments". 

V    "  '. '  — 
IS  1.2.4.2  "Fractions". 

8. 

CM 

"A" 

9. 

CM 

"A" 

IS  1.2.4.3  "Conversion  Chart". 

10. 

CM 

RA" 

IS  2.1.1.1  ^Magnetos". 

11. 

,CM 

"A" 

IS  3.1.1.1  "The  Power  Train  of  the  M715  1  1/4  Ton'  Cargo  Truck". 

^°  A-IV-6 
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JOB  SHEETS 

JL.    CM  "A"  JS  i.2.3.1  "Gasoline  Engine  Disassembly,  Inspection  and  Assembly".-  , 

2.  CH  "A"  JS  1.2.6,1  "Gasoline  Engine  Diagnosis  and  Adjustment". 

3.  CM  "A"  JS  2.1.1.1  "Maintenance  of  Caterpillar  Diesel  Engines". 

4.  CM  "A"  JS  2.2.1.1  "Maintenance  of  IHC  UDT  429  Engines". 

5.  CM  "A"  JS  2.3.1.1  'Wintenance  of  General  Motors  Diesel  Engines". 

-j- — CM  "A"  JS  2.4.1.1  "Maintenance  of  Cuflftins  KH  Diesel  Engines".  

7.  CM  "A"  JS  2.5.1M  "Maintenance  of  LD  465-1  Multifuel  Engines". 

8.  CM  "A"JS  3.1.1.1  "Servicing  the  Power  Train  of  the  M715  1  1/4  Ton 

Cargo  Truck". 

9.  CM  "A"  JS  4.1.1.1  "Oxy-Mapp  Gas  Heating  and  Cutting". 

10.  CM  "A"  JS  4.1.2.1  "Servicing  the  D4D  Crawler  Tractor". 

11.  CM  "A"  JS  4.1.3.1  "Adjusting  the  IHC  Model  260  Power  Control  Unit". 
WORK  SHEETS 

1.    CM  "A"  WS  1.2.4.1  "Mathematics  Work  Sheet". 
PROBLEM  -SHEETS 

1.  CM  "A"  PS  3.1.1.1  "Suspension  Field  Test  (Series)". 

2.  CM  "A"  PS  3.1.2.1  "Power  Train  Field  Test  (Series)". 

3.  CM  "A"  PS  3.1.3.1  "Brake  Service ' Field  Test  (Series)",  j 


ANNEX  V 


TRAfNINC  AIDS  EQUIPMENT  • 
iDEVICKS 


1.?NP-17008 

/ 

DEVICES  (Non-Navy) 


Device  6A2  Engine  Internal  Combustion,  Electrically 
Operated,  $9195.00 

Projectors,  16mm  sound.  , 


l. 

f 

D-315 

Caterpillar  Diesel  Engine  (Cutaway)  $8700.00. 

2. 

GM  3-71 

Diesel  Engine  (Cutaway) . 

3. 

Cuamins 

p.  T.  Pump  (Cutaway). 

4. 

American  Bosch 

Model  PSB6A  Fuel  Injection  Pump  (Cutaway) . 

5. 

American  Bosch 

Manual  5  speed  Transmission  (Cutaway) . 

6. 

American  Bosch 

Differential  Assembly,  Double  Reduction  (Cutaway) 

7. 

American  Bosch 

Air  Brake  System  (mounted  onboard)  $2445.00 

8. 

International 

Model  260  JCable  Control  Unit  (Cutaway h 

9. 

Roosa-Haster 

Fuel  Injection  Pump  (Cutaway) . 

10. 

Caterpillar 

Turbocharger  (Cutaway). 

11. 

35mm  projectors,  tape  recorders. 
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ANNEX  VI 


FORMS 


1.  Equipnent  Work  Order  (NAVFAC  6-11200/41  Rev.  5-69)  0105-002-5326. 

2.  Shop  Repair  Order  (continuation  sheet)  (NAVFAC  9-11200/38  (9-67)) 
0105-004-1020. 
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Master  Schedule 


3.1.1  v         C         20.5  Suspension  System  Service  24/1 

21.0-  ' 

1.0.3  F         21.5 4  Aerobics  24/1 

FOURTH  DAY  • 

3.1.1  C'        22  Suspension  System  Service  24/1 

 ■  S  23  eHr- 

24 
25 
26 

'  C  27  24/1 

S  28  6/1 


4 


A-yii-n 


49 


NINTH  WEEK  (Cont'd) 
TOPIC  NO.      TYPE  PERIOD 
FIFTH  DAY 

3.1.1 
1.0.21 


TITLE 


s 

29 

c 

30 

s  1 

31 

c  . 

32 

c 

33 

c 

34- 

F 

35.0 

F 

35.5 

Suspension  System  Se.r&ice 


Code  of  Conduct,  Part  I 
^Code  u£  Conduct*  Article  T 


Code  of  Conduct,  Article  II 
Close  Order  Drill 
Aerobics 


RATIO 


6/1 
24/1 

6/1 
24/1 
24/1 


1.0.22 
1.0.23  ' 
1.0117 
1.0.3 

TENTH  WEEK 
FIRST, DAY 
3.1.1  , 
3.1.2. 

«?• 

1.0.3 

SECOND  DAY 
3.1.2 


THIRD  DAY 
3-1.2 


1.0.3 


S 
C 
C 

S 
C 
S 
F 


1 


C 
F 


I 


1 

2  • 
3 

A  ." 

5 

6 

7.0 
7.5 


8 
9 
10 
11 
12 
-13' 
14 


15 
16 
17 
18 
19 
20 

21.0 
21.5 


Suspension  System  Service  . 
Automotive  Power  Train  Service 


Aerobics 


Automotive  Power  Train  Service- 


Automotive  Power  Train  Service 


Aerobic^. 


24/1 
24/1 
24/1 


6/1 
24/1 
24/1 

6/1 
24/1 

6/1 
24/1 


6/1 


24/1  ' 


6/1 


24/1 
2471 


V 


) 


9 

ERJC 


ii 


00 


A!-vn-i2 


TENTH  WEEK  (Cont'd) 


TOPIC  NO. 

TYPE 

PERIOD 

FOURTH  DAY 

3.1.2 

S 

22 

23 

24 

25 

26 

27 

28 

FIFTH  DAY 

3.1.2 

S, 

29 

7 

4 

30 

31 

1.0.24 

AC 

32 

1.0.25 

c 

33 

1.0.26 

c 

34 

1.0.17 

F  ' 

JJ  •  w 

1.0.3 

,F  1 

35.5 

ELEVENTH  WEEK 

FIRST  DAY 

3.1.2 

S 

1 

2 

3 

4 

c 
J 

C 

6 

s 

7.0 

1.0.3 

F 

7.5 

Automotive  Power  Train  Service 


RATIO 


6/1 


Automotive  Power  Train  Service 


Code  of  Conduct,  Article  III 
Code  of  Conduct,  Article  Hi 
Code  of  Conduct,  Article  V 
Close  Order  Drill 
Aerobics 


Automotive  Power  Train  Service 


6/! 


24/1 
24/1 
24/1 
24/1 
24/1 


Aerobics 


6/1 


24/1 
6/1 
24/1 


SECOND  DAY 

3.1.2 
3.1.3 


C 
C 


8.0 
8.5 
9 

10 

11 

12.0 
12.5 
13 
14 


Automotive  Power  Train  Service 
Brake*System  Service 


24/1 
24/1 


6/1 


A-VII-13 


ELEVENTH  WEEK  (Con! 
•TOPIC  NO.  TYPE- 
THIRD  DAY 
3.1.3  S 


:'d) 

PERIOD,  TITLE 


15 
16 
17 


Brake  System  Service 


RATIO 


6/1 


1.0.3 

FOURTH  DAY 


C 
S 
F 


18 

19 

20. 

21.0 

21.5 


Aerobics 


24R 
6/1' 
24/1 


3.1.3 


C 
S 


FIFTH  DAY 


3.1.31 


1.0.27  C 

1.0.29  C 

1.0.28  C 

1.0.1/  F 

1.0.3       .  F 

TWELFTH  WEEK 

FIRST  DAY 

3.1.3  2 


3.1.4 


1.0.3 


C 
0 


S 
F 


22 
.23 
24 
25 
26 
27 
28 


29 
30 
31 
32 

33, 
34 

35.0 
35.5 


Brake  System  Service 


1 

2  . 
3 
4 
5 

6 

7.0 
7.5 


Brake  System  Service 


Code  o*^ Conduct,  Article  VI 

Basic  Organization  of  our  Government 

History  and  Formation  of  our 

Government 

Close  Order  Drill 

Aerobics 


Brake  System  Service 


Servicing  the  M715  1  1/4  Ton  Cargo 
Truck 


6/1 


24/1 
6/1 


6/1 


24/1 
24/1 
24/1 

24/1 
24/1 


•Aerobics 


6/1 


24/1 
24/1 


6/1 
24/1 
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TWELFTH  WEEK  (Cont'd) 

TOPIC  NO.      TYPE     PERIOD  TITLE 


SECOND  DAY 
3.1.4  S 


C 
S 


8 
9 

10.0 
10.5 
11 

-12 — 


Servicing  the  M715  1  1/4  Ton  Cargo 
' Truck 


RATIO  , 


6/1 


24/1 
6/1 
24/1 


4.1.1 

THIRD  DAY 
4.1.1 


4.1.2 
1.0*73 

FOURTH  DAY 
4.1.2 


C 

S 


C 
C 

i  F 


13.0 

13.5  Oxy-Mapp  Gas  Cutting 
14 


15 
16 
17 
18 

19.0 
19.5 
20 

21.0 
21.5 


22 
23 
24 
25 
26 
27 
28 


Oxy-Mapp  Gas  Cutting 


D4D  Crawler  Tractor 
j 

Aerobics 


D4D  Crawler  Tractor 


24/1 
6/1 


6/1 

<  24/1 
24/1 

24/1 
24/1 
6/1 


FIFTH  DAY 
4.1.2 


1.0.30 
1.0.31 
1.0.32 
1.0.17 
1.0.3 


C« 

C 

C 

F 
F 


29 
30 
31 
32 
33 
34 

35.0 
35.5 


i 


Servicing  the  D4D  Crawler  Tractor 

Function  of  Legislative  Branch  - 
Function  of  Executive  Branch 
Function  of  Judicial  Branch 
Close  Order  Drill 
Aerobics 


6/1 


24/1 
24/1 
24/1 
24/1 
24/1 


A-VII-15 


9 

ERIC 


o3 


I 


THIRTEENTH  WEEK 
TOPIC  HO. 


1 


FIRST  DAY 
T 

4.1.2 


TYPE     PERIOD  7  TITLE 
s         .  i    i     Caterpillar  DAD  Crawler  Tractor 


racier 


IATIO 


'  6A 


.  5 
6 

*  A 

7.0'  " 

;  F. 

7.5 

♦  Aerobics 

6/1 

24/1  A 


In 


24/1 


1 


1.0,3 

SECOND  DAY 


4.1.2  rC* 


THIRD  DAY 
4.1,2 


1.0.3  F| 
FOURTH  DAY 
4.1.2  ^ 


s 


'  8 
9 

10 
11 
12 
13 
14 


15 
16 
17 
18 
19 
20 

21.0 
21.5 


22 
23 
24 
25 
26 
27 
28 


Caterpillar  D4D  Crawler  Tractor  . 


Caterpillar  D4D  Crawler  Tractor 

•  Si  . 


6/1 


A 


Aerobics 


...  J 

Caterpillar  D4D  Crawler  Tractor 


>  ■ 


»     24/1  '  *■ 
6/1 

c 

24/1 
6/1 
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A-VXT-16 


*    THIRTEENTH  WEEK  (Cont'd) 


TOPIC  NO. 
FIFTH  DAY 
4.1.2 


1.0.33 
1.0.34 
1.0.36 
1.0.17 
1.0.3 


TYPE     PERIOD     TITLE  4 


S 
C 

C 

C 

C 

F 

F 


FOURTEENTH  WEEK 

'  m 

FIRST  DAY 


4.1.3- 


C 
S 
C 


1.0.3 

SECOND  DAY 


7$ 


\1 


THIRD  DAY 


29   *   'caterpillar  D4D  Crawler  Tractor 

30 

31  , 
.32  . 

33 

34 

35.0 
35.5 


2 
3 
4 

5' 
6 

7.0 
7.5 


8 
9 

10 
11 
12 
13 
14 


15 


American  Foreign  Policy 

The  Declaration  of  Independence 

•Petty  Officer  Leadership 

Close  Order  Drill 

Aerobics 


International  Model  260  Cable  Control 
Unit 


Admin  , 


Aerobics 


Admin 


Graduation 


RATIO 


6/1 
24/1 

24/1 
24/1 
24/1 
24/1 
24/1 


V 

24/1 
6/1 
24/1 

24/1 


9 

ERIC 


5;J. 
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*  CONSTRUCTION  MECHANIC  SCHOOL 

CUSS  '!A" 

INSTRUCTOR  GUIDES 
PHASE  3  * 

J 


X 


r 

Automotive  Chassis  aird  Power  Train  Maintenance 


{ 

CM  "A"  IG  3.1.1 


HAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 


Classification:  Unclassified 
Tofcic:    Suspension  Systea  Service 
Average  Ti»e:    5  Periods  (Class),  8  Periods  (Pract) 
Instructional  Materials: 
A,    Texts:  ^ 

1.    Automotive  Mechanics,  6th  edition,  McGraw- 
Hill  Book  Co.,  chapters  37  and  39. 

2\  Organizational  Direct  Support  and  General 
Support  Maintenance  for  Model  M715,  1  1/4 
Ton,  4x4  Cargo  Truck,  TM9-2320-244-24, 
pp.  195-200. 

3.    Principles  of  Automotive  Vehicles, 
TM9-8000. 

B.  References:    None.  ^ 

C.  Tools,  Equipment  and  Materials: 
1,.  Tools:, 

a.  Automotive  shop  tools. 

b.  Tire  shop  tools.  ' 

c.  Shop  equipment;.  \^ 

d.  Automotive  hand tools,  *  . 
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Terminal  Objective:    Upon  completion  of  this  unit  each 
student,  while  working  as  a  member  of  a  two  (2)  man 
team,  will  be  able  to  service  automotive  chassis 
and  power  train  components  using  appropriate  handtools 
special  tools,  shop  equipment  and  materials.  Specifi- 
cally, he  will  service  suspension  system,  power  train  * 
and  brake  system  of  the  M715  1  1/4  ton  Cargo  Truck. 
All  tasks  will  conform  to  manufacturer's  specifications 

error»  as  specified  In  the  Job  Sheet, 
CM 'A"  JS  3.1.1.1,  "Servicing  the  Power  Train  of  the 
M715,  1  1/4  Ton  Cargo  Truck". 

Enabling  Objectives:    Upon  completion  of  this  topic 
each  student,  while  working  as  a  member  of  a  two  (2) 
man  team,  will  be  able  to  service  suspension-  system 
components  using  appropriate  handtools,  special  tools, 
and  shop  equipment/   Specifically,  he  will  service 
tires,  tubes,  wheels  and  steering  systems  of  the  M715 
1  1/4  Ton  Cargo  Truck.    All  tasks  will  conform  to 
manufacturer's  specifications  and  recommendations  without 
error  as  specified  In  the  Job  Sheet  CM  "A"  JS  3.1.1.1, 

Servicing  the  Power  Train  of  the  M715,  1  1/4  Ton  4 
Cargo  Truck".  * 

Criterion  Test:    While  working  as  a  member  of  a  two  (2) 
man  team,  service  suspension  system  components  using 
appropriate  handtools,  special  tools,  and  shop  equlp- 
m?1™fefvl?e  8teerln8  system,  tires,  tubes  and  wheels 
of  M715  1  1/4  ton  Cargo  Truck  with  all  tasks  conforming^ 
to  manufacturer's  specifications  and  recommendations 
without  error  as  specified  in  job  sheet. 


(1  of  37) 
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CM  "A"  IG  3.1.1 


2.  Equipment; 
a.  Major. 

(1)  M715  1  1/4  tott  cargo  truck 
(12  each). 

(2)  Tire  demounted  (2  each). 

(3)  Dynamic  Wheel  balancing 
machines  ^5  each) . 

t 

3.  Materials  (consumable).. 

a.  Tires. 

b.  Tubes. 

c.  Cold  and  hot  patches. 

df   Tubeless  tire  repair  kits. 

e.  Cleaning  solvent. 

f.  Wiping  rags. 

g.  Gasoline. 

D.    Training  Aids  and  Devices: 

1.    Locally  Prepared  Material. 

a.    Information  sheet. 

-    (1)    CM  "A"  Is  3.1.1.1,  "Excerpts  of 
"  M715  Maintenance  Manual". 


Homework:  Read: 

1.  Automotive  Mechanics,  6th  edition,  chapters  37, 
38  and  39. 

2.  TM9-2320-244-24,  Maintenance  of  M715  1  1/4  Ton 
Cargo  Truck,  pp.  195-200". 

3.  TM9-8000,  Principles  of  Automotive  Vehicles, 
(chapter  18,  pages  370-373  and  pages  381-384, 
chapter  19,  pages  389-398,  and  chapter^O,  pages 
402-407. 


ERIC 


so 


59 


(2  of  37) 


b.  Job  sheet. 

(1)    CM  "A"  JS  3.1.1.1,  "Servicing  the 
k  Power  Train  of  the  M715  1  1/4  Ton 
Cargo  Truck". 

c.  Problem  sheet. 

(1)    CM  "A"  PS  3.1.1.1,  "Suspension".-" 
Training  Aids  Equipment:  None. 


CM  "A"  IG  3.1.1 
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OCTLIKK  OF  INSTROCTIOH 

I.    Introduction  to  the  lesson. 

A.  Establish  contact. 

1.  Name:  * 

2.  Topic:    Suspension  System  Service 

B.  Establish  readiness. 

1.  Purpose.  * 

2.  Assignment. 

C.  Establish  effect. 
1.  Value. 

a.  Pass  course. 

b.  Perform  better  on  the  job. 

c.  Get  advanced. 

d.  Be  a 'better  construction  mechanic* 

D.  Overview: 

1.    The  suspension  system  is  the  backbone^ 
of  the  vehicle  and  is  the  suspension 
base  of  the  steering  units  and  wheels. 
The  springs  are  anchored  or  suspended 
from  the  frame.    The  points  of  suspen- 
sion are  subject  to  wear  and  consequen- 
tly need  service  and  replacement  when 
wear  exceeds  certain  limits. 


INSTRUCTOR  ACTIVITY 


I .A.    Introduce  self  and  topic. 


I.B.    Motivate  student. 


I.C.  Bring  out  need  and  value 
of  material  being  presented. 

1.    Issue  textbooks. 

(a)  TM9-8000,  Prin- 
ciples of  Automotive  Vehicles. 

(b)  Automotive 
Mechanics*  sixth  edition. 


CM  "A"  IG  J. 1.1 
STUDENT  ACTIVITY 


C2 


\ 


keys  until  the  end  of 
auto  chassis  phase. 


I.D.    State  learning  objectives.  I.Dx   Student  crew 

leaders  keep  tool  locker 

1.  State  information  and 
materials  necessary  to  guide 
student.  . 

2.  Assign  students  to 
training  bays  and  issue  tool 
locker  keys. 
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OUTLINE  OF  INSTRUCTION 
II.  Presentation. 


A*  Frames. 


1.  Functions. 

a.    Support  for  body  and  other 
. chassis  units. 

2.  Construction  and  nomenclature. 

a.  Side  members  (rails). 

(1)  *  Heaviest  part  of  frame. 

(2)  Channel  or  box  design. 

b.  Cross  members. 

(1)  Channel  or  tubular  design. 

(2)  Connects  side  rails  rigidly 
together • 

c.  Gusset  plates. 

(1)    Angular  piece  of  metal  for 

strengthening  angles  or  corners 
for  frame  where  cross  members 
are  secured  to  side  members. 


INSTRUCTOR  ACTIVITY 

II.    Use  current  textbooks 
issued  to  students  for  refer- 
ence of  instruction  and  to 
assist  the  student  at  taking 
notes. 

II .A.  Use  training  charts  or 
transparencies  to  explain  the 
parts  of  the  frame. 

II.A.l.    Explain  unit  tody 
congJt*uction  for  quieter  ride. 
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CM  "A"  IG  3.1.1' 
STUDENT  ACTIVITY 


II.    Follow  instructors 
discussion,  take  notes 
and  turn  to  pages  as 
directed  by  instructor. 


4* 
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(2)    Riveted  or  welded. 

65  * 
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OUTLINE  OF  INSTRUCTION 
B.  Springs. 


1.  Function  and  nomenclature. 

0 

a.  Support  the  frame  and  body, as 
veil  as  the  load. 

b.  Absorption  of  road  shocks. 

c.  Maintain  axle  alignment,  transfer 
drive  thrust  and  receive  torque 
reaction  on  some  vehicles* 

2.  Types  of  spring  assemblies. 

v 

a.    laminated  leaf  (multileaf )  . 
(1)  Nomenclature. 

(a)  Laminated-leaf  springs 
consist  of  a  series  of 
flat  steel  plates  of 

•  varying  lengths ,  placed 
on  top  of  each  other  * 

(b)  '  Spring  clips  (U  bolts) . 

1.    Connects  springs 
to  axle  housing. 

(c)  Spring  center  bolt. 

1,    Secures  spring  leafs 
together 


6  7 


2.    Maintains  spring  leafs 
in  proper  alignment. 


INSTRUCTOR  ACTIVITY 


II»B.l.    Have  students  *  refer 
to  text  TM9-8000,  pages  371- 
372  to  view  illustrations  of 
laminated  leaf  springs  and 
spring  shackles. 


II.B.2.    Have  students  refer 
to  text  Automotive  Mechanics t 
6th  edition,  chapter  37  to, 
view  illustration  of  auto- 
motive springs  and  suspen-  t 
sion. 


CM  "A  IG 
STUDENT  ACTIVITY 


II.B.l.    Refer  to  pages 
as  directed  tiy  instructor 
and  follow  discussion. 


II.B.2.    Refer  to  pages 
as  directed  by  instructor 
and  follow  discussion. 


6^ 
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OUTLINE  OF  IHSTRUCTIOW 


X 


6j 


(d) 


Spring  shackles- to  frame 
spring  hangers. 

1,    Connect  springs  *to 
frame  spring  hangers. 


2.    Allow  for  shortening  « 
and  lengthening  of 
spring*. 

b.  Single  leaf. 

(1)    Made  of  single  steel  plate 

which  is  heavier  at  the  center 
and  tapered  to  the  two  ends. 

c.  Overldad  lea£-springs • 

(1)    Used  In  conjunction  with 

/.laminated  leaf  spring  assembly 
of  larger  trucks. 

d.  Coil  (Independent  wheel 'suspension) . 

(1)  Coil  spring  may  .be  located  r 

between  upper  and  lower 

 ^x^ritroXjarm&*~ _ ^  v^.o  ,  _ 

*  *       »  •       *  *•  * 

(2)  Or  coil  spring  may  be  located 
ab*ve  upper  control  arpu 

e. '    Torsion  bar  (independent  wheel 

suspension) .        '  / 

(1)  ,  Steel  -bar  that  twista  length- 

vise  for  spring  action. 

(2)  Utilizes  elasticity  of  steel. 


.5 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3.1.1 
STUDENT  ACTIVITY 


II.B.2.C.    Have  students  refer 
to  text  TM9-8000,  page  382  to 
view  illustration  of  auxiliary 
spring. 


II.B.2.C.    Locate  pages 
of  text  as  directed  by 
instructor  and  follow 
discussion. 
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OUTLDHg  OP  INSTRUCTION  *  ' 

(3)    Hounted  in  front  of  lower 

control  ana  at  one  end,  and  at 
the  frame  on  opposite  end. 

f.    Twin  I-beam  (independent  wheel 
suspension) • 

(1)  Front  wheel  is  supported  at  the 
ends  by  a  separate  "I"  beam. 

(2)  Opposite  ends  of  the  "I"  beams 
are  attached  to  the  frame  by 
pivots .  tv 

3.    Types  of  spring  suspension. 

a.    Three  basic  types  of  wheel 
suspension  systems. 

r 

(1)    Beam  type  front Vaxle^* 

(a)    Beam  type  front  axle  on 
which  the.  wheels) are 
mounted  on  each  end. 


INSTRUCTOR  ACTIVITY 


II.B.2.f.(2)    Have  class  refer 
to  Automotive  Mechanics,  6ttf 
edition,  pages  466,  468,  and 
472  to  view  illustrations 
of  spring  assemblies. 


CM  "A"  IG  3.1.1 
STUDENT  ACTIVITY 


II.B.2.f.(2)    Turn  to 
pages  of  text  and  follow 
discussion. 


7i 


(b)  The  front  end  is  supported 
by  le^f  springs  between 
the  axle  and  frame. 

(c)  Steering  knuckle  is  supported' 
by  the  kingpin  and  axle 
beam. 

V 

(d)  Common  on  most  truck  front 
ends. 
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OOXLUK  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3* 1*1 
STUDENT  ACTIVITY 


(e) 


V- 
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Both  wheels  are  mounted 
"to  the  ends  of  a  rigid  axle 
if  one  wheel  receives  a 
jar  or  jolt,  the  whole 
suspension  system,  includ- 
the  axle,  is  effected* 


(2)    Independent  -  suspension  type* 

(a)  Varies  according  to  the 
make  of  vehicle* 

(b)  Each  wheel  is  supported 
independently  by  a  coil 
spring,  torsion  bar  or 
twin  MIM  beam. 

(c)  Most  cars  today  use  ball 
joints  to  connect  the 
wheel  spindle  (steering  A 
knuckle)  to  a  control  arm* 

i  *     M>$)    Some  cars  still  use  a  y, 
kingpin  to  connect  'the 
wheel  sp indie  (steering 
knuckle)  to  the  steering 
knuckle  support  arm* 

(e)  The  steering  knuckle  * 
.support  arm  connects  to 
the  upper  and  lower  sus- 
pension or  control  arm* 

(f)  Each  wheel  is  individually 
supported  and  free  to  move 
without  affecting  the 
other"  wheel  '  ' 
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OUTLIKE  OF  DESTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3.1.1 
STUDENT  ACTIVITY 


(3)    Bogie  suspension  type  (gear) • 

(a)  Used  on  dual  tandem 
trucks. 

(b)  Uses-  torque  rod  assemb- 
lies. 

(c)  Springs  are  mounted  on 
spring  seats. 


7j 


(d)    Spring  seats  hold  springs 
securely  at  center  section 
and  oscillate .freely  on  . 
the  tube. 

4.    Spring  service. 

a.  Lubrication. 

(1)  Generally  no  lubrication  is 

used  on  spring  surfaces. 

*  r  * 

(2)  Some  leaf* springs  have,  a 
rubber  or  nylon  insert  between 

J  the  leaves  of  th4  spring  to  1 

prevent  noise  atid  wear.  * 

(3)  Spring  shackles  use  chassis 
lube  on  metdl  bushing  and 
use  rubber  lube  on  rubber 
bushing. 

C.    Shock  absorbers  (direct  acting). 
1.    Function  and  nomenclature. 


II. B. 3. a. (3)    Direct  class  to 
text  TM9-8000,  chapter  18  and 
refer  to  illustrations  as 
discussed. 


II. B. 4.    Have  students  refer 
to  TM9-8000,  page  380  and 
Automotive  Mechanics,  6th 
edition,  pages*  474-475 • 


II. B. 3. a. (3)  ^Turn  to 
pages  of  text  and 
participate  in  discussipi 


II. B. 4.    Refer  to  pages 
of  text  as  directed  by 
instructor. 
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OUTLIHK  OF  INSTRUCTION 


a.  Regulate  the  rebound  and  compression 
of  the  springs, ^preventing  sudden 
jolts  and  bounces  being  transmitted  - 
to  vehicle  body.    *  * 

b.  Helps  to  maintain  rpadability. 

c.  Sealed  unit  with  hydraulic  fluid. 

(1)    Fluid  in  the  shock  absorber* 
is  moved  one  way  or  the  other 
through  small  valves  within 
the  assemblies  by  a  piston  rod. 

2.    Shock  absorber  maintenance. 

'a.    Replacing  shocks. 

(1)    Always  check  opposite  shock 

of  a  pair  to  make  certain  both 
haVe  the  same  resistance. 


\\2)  "  Reprace-bath^shM 


INSTRUCTOR  ACTIVITY 


 <^~^3^&s4*o^^ 

(4)  .Be  sure  rock  shield  is  facing 
'down.  0 

(a)    To  prevent  dirt,  etc.  from 
entering  area  around  * 
piston  rod.' 

Steer^pg  units. 

1.    Types  and  operation. 


ERLC 
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II.D.l.  Have  class  refer  to 
TM9-8000,  .page  403  arid  refer 
to  illustrations  of  steering 
system. 


CM  "A"  IG  3.1.1 
STUtffcNT  ACTIVITY 


II.D.l.    Refer  to  pages 
as  directed  1>y  instructor 

*  78 
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INSTRUCTOR  ACTIVITY 
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STUDENT  ACTIVITY 


a.    Fifth  yheel. 


7j 


(1)  Serves  as  a  central  pivot  for 
the  entire  front  axle. 

(2)  Used  on  trailers  and  other 
towed  vehicles.- 

b.  Ackerman. 

(1)  Wheels  are  mounted  on  individual 
pivots  and  connected  together 

by  means  of  steering  linkage. 

(2)  Steering  linkage  causes  the 
wheels  to  rotate  together  about 
their  pivots. 

(3)  Used  on  self-propelled  vehicles. 

Principle  parts  and  nomenclature 
(Ackerman) . 
~  "~       ^  < 

a.  Steering  wheel. 

b .  S  te^ering^column .  f  „       ^  ^ 
(1)    Hollow  shaft. 

c.  Steering  shaft  and  worm  gear. 

(1)  Solid  shaft  inside  steering 
column. 

(2)  Has  a  worm  gear  machined,  as 
an  integral  part  of  the  lower 
shaft . 


II.D.2.    Have  /students  refer  II. D. 2.         n  to  pages 

to  text  TM9-8000,  page  404-405  of  texts  as  directed 

to  illustration  of  steering  by  instructor.  * 
members  and  various  steering 
gears.  \ 
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(3)    Steering  wheel  mounted  on  '•.'."* 
/  upper  end. 

d.  Cross  shaft  and  sector. 

(1)  Cross  shaf t  is  also  called 
Pitman  an  shaft. 

(2)  Method  of  gearing  the  stfeering 

shaft  to  the  cross  shaft  varies  <  > 

considerably  with  different  types  < 
of  steering  gears. 

e.  Steering  gear  housing* 

(1)    Bolted^ljolid  to  frame  of  vehicle.     v  .   M  '  J 

*(2)    Provides  means  for  making  adjust-  1  * 

ments  to  steering  gear.  . 

(3)  Ccfatains  oil  for  lubrication.  ^ 

-* 

f.  Pitman  arm. 

(1)  Splined  to  cross  shaft.  ' 

(2)  Has  a  ball  stud  on  other  end  tp  \ 
connect  with  drag  link. 

g.  Drag  link. 

(1)  Made  in  tubular  or  rod  form. 

(2)  Housing  on  one  end  t?o  receive 
the  ball  end  of^£he  Pitman  arm. 

A  *  82 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY . 


(a)  Contains  springs  to  cushion 
shock  and  prevent  trans- 
mission So  the  steering 
gear. 

(b)  Other  end  may  be  the  saihe 
or  made  like  a  tie  rod  end* 

(c)  Both  ends  may  be  like  tie 
rod  ends. 


/ 

NOTE:    Thii  parts  of  the  steering 
system  already  <jovered  will  be  found* 
on  most  vehicles  In  the  order 
covered .  — 

NOTE:    The  parts  to  be  covered  will 
be  found  in  some  cqabination  on  most 
vehicles,  but  not  necessarily  will 
all  parts  be  found  on  one  vehicle. 

Bell  crank,  intermediate  knuckle 
arm  or  idle  arms.  v 

(1)    One  end  pivoted  to  frame. 


( 

i. 

4 
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(2)    Brag  link  and. tie  rods" 
connected  to  other  end. 

Steering  knuckle  arms. 

(1)  Bolted  to  steering  knuckles. 

* 

(2)  Sometimes  double  arms  on  one* 
side  of  vehicle  -  one  drag  link 
and  one  for  tie  rod. 


II.D.2.g,(2)(c)  Explain 
function  and  construction  of 
steering  coiinecting  unit  using 
illustrations -in  text.  Show 
students  various  steering 
arrangements  in  Automotive 
Mechanics,  6th  edition,  pagers 
483  and  484. 


CM  "A"  1G  3.1.1 
STUDENT  -ACTIVITY 


II.D.2.g.(2)(c)  Refer 
to  pages  6f  text  as, 
directed  by  instructor 
and  participate  in 
discussion. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3.1.1 
STUDENT  ACTIVITY 
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j.    Steering  knuckle. 

(1)    Spindle  shaft  is  integral  with 
steering  knuckle. 

k.    Steering  knuckle  pivots. 

(1)    King  pin  or  ball  joints. 

1.    Tie  rods. 

(1)    Used  to  connect  the "steering 
knuckles  together. 

,  (2)    Generally  located  behind  the 
front  wheels ,  but  may  be 
found  in  front,  as  on  the  jeep. 
„  * 

(3)  The  ends  of  tie  rods  are  thread-" 
ed  to  receive  and  adjustable  ball 
joint  socket  typfe- tie  rod  end. 

Types  of  steering  gear  assemblies. 

1.    Worm>and  sector. 

a.  Worm  on  lower  end  of  steering 
shaft.  * 

b.  Cross  shaft  carries  a  sector  which 
is  engaged  with  the  worm. 

(1)    Sector  is  pktt  of  a,  gear. 

q.    Steering  wheel  is  turned,  worm  is 
rotated  caysing  the  sector  and 
cross  shaft  to  turn. 


II.E.l.    Use  actual  steering 
gear  parts  to  show  the  action 
that  takes  place  in  the 
steering  gear.  . 

4 


IIvE.l.  Participate 
in  discussioji^and  take 


notes. 
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2.    Worm  and  roller. 

*  a.    Similar  to  worm  and  sector. 

b.  Worm  on  lower  end  of  steering  shaft 
has  an  hour  glass  shape. 

(1)  Tapered  fro*  both  ends  to  the 
center. 

(2)  Gives  better  contact  between 
the  worm  and  roller  at  all 
positions. 

J[3)    Provides  variable  steering 
gear  ratio. 

c.  Roller  is  supported  on  ball  ot 
roller  bearing  within  the  sector 
mounted  on  the  cross  shaft. 

~*  (1)    Bearing  reduces  friction. 

d.  Worm  turns  under  control  of  steering 
wheel,  roller  turns  with  it  but 

 forces  the  sector  and  cross  shaft 


INSTRUCTOR  ACTIVITY 


ERIC 
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to  rotate. 

3.    Recirculating  ball  and  nut. 

at    Worm  on  lower  end  of  steering 
shaft. 

*  b.    Cross  shaft  has  a  sector  gear.' 

c.  'Ball  nut  is  grooved  and  mounted  on 
a  continuous  row  of  balls  between 
the  nut  and  worm. 


II.E.2.b.  Pass  out  steering 
gear  to  students. 


CM  "A"  IG  3.1.1 
STUDENT  ACTIVITY 


II. E. 3.    Have  class  refer  to         II*E.3.    Refer  to  pages 
TM9-8000,  pages  405,  406  and    *    of  text  as  directed* by 
407  to  refer  to  illustrations       instructor  and  follow 
of  worm  ana  sector  steering  discussion, 
gear  assembly. ,     .         .  *  /^x. 
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(1)  Hut  is  fitted  with  tubular  ball 
guides  diagonally  across  the 

,      nut  to  recirculate  the  balls  as 
the  nut  moves  up  and  down  on 
the  worm* 

(2)  Bo t ton  of  nut  has  gear  teeth 
engaged  with  sector* 

d.    When  worn  is-^turned,  the  nut  is 

noved  onthje  worm  by  rolling  instead 


of  slidiA^V 


 45 


e*    Turning,  the  worm  moves  the  nut  and 
forces  the  sector  and  cross  dhaft 
to  turn. 

4 .    Cam  and  lever ♦ 

a.  Worm  on  lower  end  of  steering  shaft 
is  known  as  a  cam. 

b.  Lever  carries  3  tapered  stud  which 
engages  with  the  cam. 

(1)  Studs  may  be  integral  or 
mounted  on  roller  bearingyo 
reduce  friction. 

(2)  Thete  may  be  one  or  two  studs* 

c.  Steering  wheel  is  turned,  stud  moves 
up  and  down  on  the  cam  and  carries 
the  lever  with  it  to  rotate  the 
cross  shaft* 


ERLC 
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Q*4     d.    Used  pn  most  military  6x6  trucks*  _ 
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INSTRUCTOR  ACTIVITY 


Steering  system  troubles. 
1*    Steering  gear  and  linkage*  • 

a*    Steer  inj^jear  improperly  adjusted, 

b.  Loose  steering  linkage  causeci  by 
wear.  , 

c.  Bent  steering  linkage* 
d*    Lack  of  lubrication. 

(f)    Most  common  problem.4**  , 

*        (2)    Always  use  lubricant  specified 
by  manufacturer. 

(3)    Check  lubricant  during  P.M. 
inspection* 

e.  Worn  cross  shaft  bushings »  or 
bearings • 

f.  Loose  mounting  bolts. 

2.    Trouble  relatei  to  the  steering  system 
is  caused'  by: 

a.    Worn  steerihg  knuckle  bushings, 
v      b.    Wheels  out  of  alignment. 

*       (1)    Indicated  by  improper  tire  wear. 


II.F.l.d.    Relate  experience 
toward  troubleshooting 
steering  units. 


CM  "A"  IG  „.1.1 
-STUDENT  ACTIVITY 


II.F.l.d.  Students 
participate  in  instruct- 
ors guidance  oj  related 
experience. 


ERIC 
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OUTLINE  OF  INSTRUCTION  ~. 

c.    Weak  springs  or  shock  absorbers, 

,  d.    Vehicle  excessively  or  'improperly 
loaded, 

G,    Steering  system  adjustments, 

1.    Steering  gear  (bench  adjustment), 

a.  Worm  bearing  preload  (worm  bearing 
end  play) , 

* 

(1)  First  adjustment  to  be  made  in*, 
^steering  assembly, 

(a)    The  preloading  of  the 

bearings  supporting  the  % 
worm  shaft  in  the  steering 
gear  housing, 

(2)  Adjusted  by: 

(a)  Shims , 

(b)  Threaded  cups  or  plugs. 

(3)  Checked  with: 

(a)  Spring  scale, 

(b)  Inch  pound  torque  wrench. 

b.  Backlash, 

(1)  The  clearance . between  worm  and 
the  sector  (or  roller  or  lever 
studs) , 


j 

33 


INSTRUCTOR  ACTIVITY . 
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II. G.    Provide  students  with 
job  sheets  on  steering  system 
adjustments. 


II. G.    Students  refer  to 
job  sheets  and  take  notes 
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(2)    Adjusted  by; 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  j. 1.1 
STUDENT  ACTIVITY 
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(a)    Lash  adjuster  or  adjusting 
screw. 

(3)    Checked  with: 

(a)  Spring  scale. 

(b)  Inch  pound  torque  wrench*. 

Steering  system  adjustments  (on  the 
vehicle) . 

a.  The  center  point  of  steering  or  the 

straight  ahead  position  are  terms 

used  when  adjusting  steering  gear  * 

or  checking  wheel  alignment. 
«  » 

(1)  The  placing  of  the  wheels  in 
the  straight  ahead  position  with 
steering  gear  setting  in  the 
center  of  travel. 

(2)  Found  by  turning  the  steering 
wheel  in  one  direction  as  far, 

.   as  it  will  go',  and  then  in  the  s 

\ opposite  direction  as  far  as  it 
will  go,  counting  the  number  of 
turns,    tyext  turn  the  wheel 
'back  exactly  halfway. 

b.  Worm  bearing  preload  made  first. 

c-  Backlash  adjusting  screw  must  be 
backed  out. 
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II. G. 2. a.  (2)  .Follow 
instructor  guidance  of 
job  sheets,  observing 
safety  precautions. 


-  "OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


IG  ,.1.1 


CM 

STUDENT  ACTIVITY 


d.    Disconnect  steering  linkage  from 
Pitman  arm. 


ERIC 


97 


e.  Worm  bearing  preload, 

(1)    Turn  steering  wheel  off  center 
in  one  direction  until  stopped, 
turn  back  one  turn. 

'(2)    Use  torque  wrench  or  spring 
scale  to  turn  steering  wheel 
and  measure  pull  required  to 
keep  wheel  in  motion. 

(3)    If  not  within  specifications, 
adjust  by  adding  or  removing 
shims  or  by  tightening  or 
loosening  the  threaded  cup  or 
plug. 

f.  Backlash. 

(1)  Turn  steering  wheelitp 
center  position. 

(2)  Turn  adjusting  screw  to  remove 
backlash,  tighten  lockout. 

• 

(3)  Use  torque  wrench  or  spring  . 
scale  to  turn  steering  wheel' 
through  center  position  and 
check  the, highest  reading. 

(4)  If  not  within  specifications, 
adjust  by  tightening  or  v 
loosening  the  adjusting  screvf. 


JI.€.2.f.    Have  students 
remove  steering  .gear  from 
chassis  units  and  disassemble 
th$m. 


II.G.2.f.  -Students  * 
proceed  to  follow  job 
sheet  and  accomplish 
instructor  .assignments 
in  a  safe  manner. 
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H.    Bon^aclature  of  tires. 
1.  Thread. 


a.    A  layer  of  rubber  on  the  outside 
*"  circumference, 

2.  Breakers  (undertread)*\ 

"      *  •> 

a.    Layers  of  rubier  covered  cords, 
similar  to  plies. 

3.  Cushion  (rubber  chafer). 

a.    Layers  of  soft  heat  resisting 

ruBber  between  plies  and  breakers. 


> 

4. 


INSTRUCTOR  ACTIVITY 

II. H.    Use  actual  tire  cut 
aways  .to  explain  tire 
nomenclature. 


Plies  (carcass) . 

a.    Layers  of  rubber  covered  cords  .that 
incircle  inner  portion  of  carcass. 


5.  Be^d. 

a.  The  part  of  the  tire  which  serves 

to  anchor  the  tire  to  the  rim. 

<~* 

b.  Wire  hoops  over  which  the  plies  and 
•  breakers  are  looped. 

(1)  Prevents,  the  tire  from  stretching. 

(2)  Shaped  W^fit  the  rim. 
I.    Typeis  of  tires. 

1.    Tub<|  type.        -  * 

93  , 
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OUTLINE  OF  INSTRUCTION 

a.    Must  be  used  with  a  tube. 
2.    Tubeless  type. 

a.  Rim  used  with  this  type  must  be 
sealed. 

b.  Tire  valve  must  be  sealed  into  the 
rim. 

c.  The  tire  bead  is  constructed  to  seal 
tightly* against  the  rim  flange. 

f     3.    Puncture  sealing  type. 

a.  Coating  of  plastic  materia^  in  the 
iftoer  surface. 

b.  When  a  nail  or  other  object  is 
removed,  internal  air  pressure  forces 
the  plastic  material  into  the  hole,, 
where  it  hardens  to  seal  the  hole. 

4.  Bias-ply,  radial-ply  types. 

a.  Methods  of  applying  carcass 
plies.  ' 

b.  Radial  tires  carcass  plies  are 
applied  at  right  angles  to  .tire 
c  ir cumf erence . 

5.  -  Belted  type. 

a.    Additional  belt  of  cord  (called 
the  tread  ply)  added  under  tread. 


INSTRUCTOR  ACTIVITY 

\ 


II. I. 4.    Have  class  refer  to 
text,  Automotive  Mechanics, 
6th  edition,  pages  530  thru 
533.    Discuss  tires  and  tire 
service. 


lOi 


CM  ^"IG  v.IJl 
STUDENT  ACTIVITY 


II. 1. 4.    Refer  to  pages 
of  text  as  directed  by 
instructor  and  partic- 
ipate in' discussion. 
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b.    Hay  1>e  steel  belted. 
J.    Types  of  treads  and  tire  markings. 

1.  Standard  tread. 

a.  Host  common  found  of  tires  used  on 
commercial  vehicles.. 

b.  Designed  for  satisfactory  traction' 
on  highways  and  good  surface. 

c.  Designed  to  give  maximum  mileage. 

2.  Non-directional  tread. 

a.  Lugs  at  90°  to  center  line  of  tire. 

b.  Most  common  tread  found  on  tires  oq, 
military  vehicles. 

c.  Designed  to  give  good  traction  in 
either  direction. 

3.  Directional  tread. 

a.  Found  mostly  on  rubber-mounted  and 
off -highway  construction  equipment. 

b.  Usually  found  only  on  driving  wheels 
as  power >  on, steering  wheels  they  are 
installed  for  direction. 


Designed  to  give  maximum  traction  in  * 
one  direction. 


INSTRUCTOR  ACTIVITY 
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4.    Tire  markings, 
a.    Size  and  ply. 


1U5 


(1)  8-50  -  15-4  (designation  of  pre 
1969  indqstry).  ^ 

(a)  8.50  is  the"  approximate 
width  in  inches  when  properly 

y?  mounted  on  the  rim  and 

inflated,  but  not  carrying 
a  load*  *  ' 

(b)  15  is  the  size  o0  the  rim 
or  the  inside  diameter  of 
the  tire  in  inches. 

(c)  4  is4  the  number  of  plies. 

(2)  GR70-15B. 

(a)  M0M  -  si2e  factor. 

1.    All.  passenger  tire  con- 
structions having  the 
same  size  factor,'  have 
identical  load  carrying 
capacity  at  32  PSI. 

(b)  "R"  -  designates  radial 
construction.  , 

1^    "If  missing"  -  tire  is 
of  bias  construction. 


\ 


(c)    7<£  -  the  ratio  of  the  tire.  *  l(Jb 


(25  of  37) 


OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A" 
STUDENT 


IG  J. 1.1 
ACTIVITY 


1.    The  ratio  of  section 
height  to  section 
Width. 

a.    As  high  as  it  is  wide. 

(d)  15  -  rim  diameter  in  inches. 

(e)  B  -  load  range. 

v    1^  Tire  manufacturers  no^ 
longer  designate  the 
actual  number  of  plys 
used  in  tire  construc- 
tion. 

LOAD  RANGE     OLD  PLY  RATING     MAXIMUM  PRESSURE 


B 
C 

D. 


4 

6 
8 


32  PST 
36  PSI 

40  psf 


Balance  mark. 

(1)  Found  on  some  larger  tires. 

(2)  A  small  mark  approximately  1/4" 
in  diameter. 

(3)  Lightest  spot  of  tfte  tire. 

(a)    Tube  Valve  should  be 
placed  at  the  spot  to 
effect  best  balance.  . 

Serial  number. 


V 
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^         T  (1)    Indented  In  the  sidewall. 

.  .  '\,.  (2)    Used  for  identification  of *  the 

tire. 


9 
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K.'    T^pes  of  tubes. 

1.    Standard  tubes. 
& 


/ 


Consist  of  one  layer  of  rubber  of 
synthetic  material.  "\ 


2.  Puncture  sealing  tubes. 

•a.    Contains  a  coating  of  plastic 

material  inside  the  tube.  It  flows 
into  and  seals  a  puncture  hole. 

3.  Safety  tube. 

•a.    Two  tubes  in  one.-  ~ 

,        b.    One  i?  smaller  than  the  other  axttT" 
joins  at  the  rim  edge.  ^ 

c.  ,  If  a  puncture  or^ Blowout  occurs,. 
t  the  outside  tube  loses  its  air, 

but  the  inside  tube  retains- its  air. 

V 

Types  JSt  rims.  *  ^ 

»  ***  ° 

1.    Drop  center. 

a.  Most  common  type  found  on  passenger 
car$  and  small  trucks. 

b.  One  pie£^  and  permanently  fastened  ¥ 
to  the  wheel. 


1UJ 


INSTRUCTOR  ACTIVITY 
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c.    Contains  a  well  for  easier  mounting 
and  demounting  of  the  tire. 


m 


2.  Semi  drop  center. 

a.  Shallow  well  for  mounting  and 
demounting. 

b.  Hatf  a  removable  flange  or  side  ring. 

(1)    Flange  or  side  ring  may  be  one 
or  more  pieces. 

c.  Most  common  type  found  on  trucks. 

» 

d.  Used  on  M715  cargo  truck. 

3.  Divided. 

a.    Rim  is  made  In  two  sections  and  the 
sections  are  bolted  together. 


b.    Found  on  some  military  vehicles  &nd 
small  diameter  tires  that"  h^ve  a 
large  number  of  plies  such  as  a  fork 
lift. 


M.    Tube  flap. 

1.    A  piece  of  rubber. 

a.  Placed  between  the  rim  and  the  tube 
to  protect  the  tube. 

b.  Used  with  semi  drop  center -and 
divided  rims. 
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OUTLINE  Qg  MSPPCTION  INSTRUCTOR  ACTIVITY  8TUDKNT  ACTIVITY 
 »  ,  _j    

N*    &ead  dips* 

1^  Metal  clip. 

a.  Used  on  some  military  vehicles  to  , 

'    „  hold  the  tire  in  place  when  the  tire  v 

goes  flat* 

b.  Generally  used  in  multiples  of  5  to  6 
equally  spaced  on  each  bead  of  the 

tire .        -  \ 
0*    Inspection  of  tires,  tubes  and  wheels* 
1.    Faults  to  look  for* 

a.    Damaged  tires,  tubes  andf^wheels. 

(1)  Cuts  i&  tires.  t 

(a)  Tread  surface  cut* 

(b)  inside  breaks. 

(2)  Breakdown  of  sidewalls  of.  tire, 
(a)    Curb  wear* 

(3)  Punctured  tube  and/or  tire. 

(a)  Inflate  tube  and  submerge 
in  water  watching  for  air 
bubbles.  * 
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(6)    Run  hand  around  inside  of  .tire 
carefully  feeling  for 
'  foreign  objects. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3.1.1 
STUDENT  ACTIVITY 


(c)    Visually  inspect  tire  for 
foreign  objects  stuck  into 
tire  that  may  work  to 
inside  later. 


(4)  Wheels* 

Insure  lug  bolt  holes  are 
not  elongated*  / 

(b)  .    Inspect  for  cracks  or 

breaks. 

(c)  Inspect  for  wheel  run  out. 

(d)  Inspect  for  dented  rims. 

1.    Caused  by  hitting 
objects. 

b.    Unusual  wear. 

(1)  Under  inflation  causes  wear  on 
both  shoulder a  of  tread* 

(a)    May  be  caused  by  slow  leak 
at  valve  core.  Always 
keep  valve  cap  over  core 
to  keep  dirt  out* 

(2)  Over  inflation  causes  center 
of  tread  wear* 

(3)  Mismatching. 

(a)    Duals  side  by  side. 

*  *  ,  ■ 
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1*    Largest  tire  carries 
.   all  load. 


(b)    Tires  on  one  axle  larger 
than  tires  on  other  axles 
:  will  wear  rapidly  to  the 
size  of  smaller  tires. 

(4)    Worn  out. 

(a)    Should  be  replaced  when 
.   •  approximately  1/16"  tread 

is  left. 

P.    DfcBttunting,  repairing  and  mounting  tires 
au*4  tubes. 

1*  Procedures. 


/ 


9 

ERIC 


117- 


a.  Demounting. 

(1)    Drop  center  arid  safety  drop  v 
.center  rims. 

(a)  Deflate^_^ 

(b)  Force  the  beads  of  the 
tire  into  the  well. 

(c)  Use  tire  tool  and  lift 
tire  over  the  rim  opposite 
the  point  whe^e  tire  is 
forced  into  the  well. 


INSTRUCTOR  ACTIVITY 


II. P. 1.    Demonstrate  the  removal 
of  a  tire  from  a  wheel  or  rim; 
remove  and  check/repair/replace; 
the  tube;  mount  tire  on  rim  or 
wheel,  inflate  to  correct  pres- 
sure and  inspect, 

Il.P^l.a.    Supervise  student 
practice  in  tire  service. 


CM  "A"  IG  3.1.1 
STUDENT  ACTIVITY 


II.P.l.  Observe 
demonstration  of  tire 
service 


II.P.l. a.  Practice 
tire  service. 
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(d)    Some  rims  of  these  type^ 
require  that  the  tire  be 
removed  from  the  back 
side. 

(2)    Semi  drop  center  rims.  * 

(a)  Deflate. 

(b)  Remove  nuts  and  separate 
the  rim. 


b.    Tube  repair. 

(1)  Cold  patch. 

(2)  Hot  patch. 

(3)  Vulcanize  -  requires  special 
8 hop  equipment. 

c*    Tire  repair. 

(1)    Small  hoies.  -  > 

'x  •  (a)  ,  Hot  or  cold  patch  inside. 

(b)    Plug  (various  types). 

C2)    Large  holes. 

(a)    Vulcanize  -  requires    *  * 
special  shop  equipment. 

(3)    Breaks  inside  of  tires. 


lid 


^Il.P.l.b.    Supervise  student 
practice  in  tube  repair. 


CM  "A"  IG  3.1.1 
STUDENT  ACTIVITY 


Il.P.l.b.  Practice 
tube  repair. 
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OUTLINE  OF  INSTRUCTION 

(a)    Boots  (temporary  use). 

(4)  Tread. 
/ 

(a)    May  be  recapped  if  wear 
has  not  exposed  breakers 
and  carcass  of  tire  is 
sound. 

d.-  Mounting. 

0 

(1)    Drop  center  and  safety  drop  * 
center  rims. 

(a)  Force  beads  of  tire  into 
wj^L  of  wheel. 

(b)  Use  tire  tool  and/or  tire 
mallet  to  force  tire  onto 
rim  opposite  the  point 
whefe  tire  is  forced  into 

,   well  of  wheel. 

(c)  Inflate  to  sea tr  beads  of 
tire  against  rin^of  wheel. 

(d)  Deflate. 

1*    fo  allow  tube  to  relax 
'  removing  any  wrinkles 

or  creases. 

'Xe)    Inflate  to  recommended 
air  pressure. 

(2)    Semi  drop  center  rims. 


ERLC 
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CM  "A"  TG  3.1.1 
STUDENT  ACTIVITY 
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Il.P.l.d^    Supervise  student 
practice  in  mounting  of  tires. 


Il.P.l.d.  Practice 
mounting  tires. 
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:  —  ^  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(a)  Install  tire  on  wheel.  . 

(b)  Install  removeable  flange. 


♦    *  (c)    Inflate  (observing  safety 

^  •  precautions)  to  seat  be£jds 

of  tire  against  rim  of 
+  wheel. 

(d)  Deflate. 

1«    To  allow  tube  to  relax 
removing  any  wrinkles 
or  "creases. 

(e)  Inflate  to  recommended 
air: pressure. 

(3)    Safety  practices. 

(a)    Use*safety  stands  under 
/  vehicles . 


(b)  Be  sure  tures  are  deflated  **  '~~NV 
before  disassembly.  * 

(c)  •  Use  care  in  handling 

heavy  tires. 


ERIC 


(d)  Use  the  proper  tools • 

(e)  Use  care  in  removing  and 
replacing  side  rings. 

NOTE:    Use  a  -safety  shield  or 
tire  gauge  when  inflating. 

(f)  Make ,  sure  side  rings  ar>_   

  I2i3  1         "aeatecT  after  inflating: 
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CM  "A"  IG  3.1.1 
STUDENT  ACTIVITY 
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(4)  Maintenance. 

(a)  Check  pressure  dally. 

1.  When  cool. 

2.  Do  not  bleed  a  tire. 

3.  Always  use  a  gauge  to 
check  tires. 

4.  Check  valve  core  ^or 
leaks, . 

(b)  When  front  tires  show 
unusual  wear. 

1.    Make  repairs  to  correct 
7       c^use  of  wear. 

2>    RDtafce  tires  using 
manufacturer 1  a  recom- 
*  mendations. 


Q.    Purpose  of  wheel  balance. 

1.  Easier  steering* 

2.  Prevents  rough  riding. 

3.  Prevents  tire  wear. 

4.  Methods  of  wheel  balance, 
a.    Static  balance.. 


T 
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(1)    Heavy  .spot  on  the  tire , or  wheel 
^  ~   ^assembly-,  when  raised- off*  the— 
ground,  heaviest  section  will 
rotate  to  the  bottom/ 


■1215  
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(2)    Most  likely  cause  the  wheel 
to  bounce. 


(3)  ^Static  unbalance  lies  in  the 
plane  of  wheel  rotation. 

b.    Dynamic  balance. 

(1)  Heavy  spot  on  one  side  of 
the  tire. 

(2)  Host  likely  cause  the  wheel 
to  wdbble  or  run  out. 

(3)  Dynamic;  unbalance  lies  in  the 
zone  on  either  or  both  sides^ 
of  the  plane  of  wheel  rotation. 

III.  Application. 

A.  While  working  as  members  of  a  two  (2)  man 
team,  service  the  steering  system,  tires, 
tubes,  and  wheels  of  the  M715  1  1/4  Ton 
Cargo  Truck.    All  tasks  to  conform  to 
manufacturer's  specifications  as  specified 
in  the  job  sheet  CM  "A"  JS  3.1.1.1,  "Serv-  f 
icing  the  Power  Train  of  the  M715  1  1/4 

Ton  Cargo  Truck". 

IV.  Summary. 

A  •  Frames,. 

V 

B.  Springs.  •  , 

I  ** 

£.    Shock  absorbers. 


INSTRUCTOR  ACTIVITY 


II.Q.4.b.    Explain  safety 
operations  of  dynamic  balance 
and  issue  job  sheet  on  wheel 
balancing  equipment. 


Ill .A.    Direct,  supervise  and 
evaluate  student  performance  . 
in  servicing  steering  system 
and  tires  of  M715  1  1/4  Ton 
Cargo  Truck. 


IV.    Recap  high  po 
lesson  by  asking  o» 
questions  on  main  point 
lesson. 


CM  "A,MIG  3.1.1 
STUDENT  ACTIVITY 
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II.Q.4.b.  Students 
observe  safety  pre- 
cautions and  take  notes. 


Ill .A.    Service  steering 
fifystem  and  tires  of  M715 
1  1/4  Ton  Cargo 'Truck 
in  accordance  with  manu- 
facturer's specifications 
and  procedures  on  the 
job  sheet. 


IV.    Answer  questions 
as  called  on  by  instruc- 
tor. 
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ti.    Steering  units. 

E.  Types  of  steering  gear  assemblies. 

F.  Steering  system  troubles.  * 

G.  Steering  system  adjustments* 

H.  Nomenclature  of  tires. 

I.  Types  of  tires. 

J.  Types  of  treajte^and  tire  markings*  *      -  * 

R.  Types  of  tubes. 

L,  Types  of  rims.  * 

M,  Tube  flap. 

X.  Bead  clips. 

-  0.  Inspection  of  tires,  tubes  and  wheels. 

?.    Dismounting,  repairing,  and  mounting  tires 
and  tubes. 

Q.»  Purpose  of  wheel  balance. 
*•    Test:  * 

A.    Test  items  from  this  topic  will  appear  in  the 
end  of  unit  written  test. 

I •  Assignment. 

A.    Read  Automotive  Mechanics,  6th  edition,            VI.A.    Write  assignment  on  .  VI.A.    Copy  and- carry 

pages_  390-414^,  423-427_and  4_52-465,  ^  _       _cMlkboard.  .    out  asaigSent! 
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Classification : "  Unclassified 
Topic:    Automotive  Power  Train  Service 
Average  Time:    6  Periods  (Class),  29  Periods  (Pract) 
Instructional  Materials: 

A.  Texts: 

1.  Automotive  Mechanics,  6th  edition,  McGraw- 
Hill  Book  Co.,  pages  390-414,  423-427  and 
452-465. 

2.  Organizational  Direct . Support  and  General 
Support  Maintenance  for  Model  M715  11/4 
Ton  4  x  4  Cargo  Truck  ,*  TM9-2320-244-24 , 
pages  65-69,  133-152  and  179-181. 

3.  Organizational  Direct  Support  and  General 
Support,  Repair  Parts  and  Special  Tools 
List  for  Truck,  Cargo,  11/4  Ton,  4x4 
M715,  TM9-2320-244-24P,  pages  20,  52-58 
and  68. 

4.  Fluid  Power,  NAVPERS  16193-A,  pages  1-187. 

5.  TM9-8000,  parts  4  and  5. 

B.  References:  None. 
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Terminal  Objective:    Upon  completion  of  this  unit 
each  student,  while  working  as  a  member  of  a  two  (2) 
man  team,  will  be  able  to  service  automotive  chassis 
and  power  train  components  using  appropriate  handtools, 
special  tools,  shop  equipment  and  materials.  Specifi- 
cally, he  will  service  suspension  system,  power  train 
and  brake  system,  of  the  M715  1  1/4  ton  cargo  truck. 
All  tasks  will  conform  to  manufacturer's  specifications , 
without  error,  as  specified  in  the  job  sheet  CM  "A11** 
JS  3.1.1.1,  "Servicing  the  Power  Train  of  the  M715,  11/4 
Ton  Cargo  Truck". 

Enabling  Objectives:    Upon  completion  of  this  topic  . 
each  student,  while  working  as  a  member  of  a  two  (2) 
man  team,  will  be  able  to  service  power  train  components 
using  handtools,  special  tools,  shop  equipment  and 
materials.    These  tasks  will  consist  of  service  to 
clutch,  transmission,  drive  shafts,  and  drive  axles 
of  the  M715,  1  1/4  Ton  Cargo  Truck.    All  performance 
will  conform  to  manufacturer's  specifications,  without 
error,  as  specified  in  Job  Sheet  CM  "A"  JS  3.1.1.1, 
"Servicing  the  Power  Train  of  ^he  M715  1  1/4  Ton 
Cargo  Truck". 


Criterion  Test:    While  working  as  a  member  of  a  two  (2) 
man  team,  service  power  train  components1' consisting 
of  clutch,  transmission,  drive  shafts,  drive  axles,  and 
lubrication  service;  using  handtools,  special  tools, 
ssop  equipment  and  materials.    All  performance  will 
conform  to  manufacturer's  specifications  without  error* 
^.a^spec^fiedJlnJoJbLSjhjae^.\   „   ^Jj.  1   _ 
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Tools ,  Equipment  and  Materials: 

1.  Tools. 

a.  Automotive  shop  handtools, 

b.  Shop  equipment. 

2.  Equipment. 

a.  Mnjor. 

<1)    M715  1  1/4  Ton  Cargo  Trucks 
(12  each). 

3.  Materials  (consumable). 

a.  Cleaning  solvent. 

b.  Gear  oil.  , 

c.  Gasoline. 

d«    Ifti^ing  rags.  * 

e.    Equipment  repair  orders. 
Trainia$  Aids^and  Devices; 
1.  Pilau 

a.  MA1672Q,  "Automotive  Troubleshooting 
the  Clutch"  (obsolete). 

b.  HA8070,  "Planetary  Gears,  Principles 
of  Operation,  Part  I",  single  sets 


Homework :    Read :  ^* 

1.  Automotive'Mechanics,  6th  edition,  McGraw-Hill 
Book  Co.,  pages  390-415,  423-428,  and  452-466. 

2.  Principles  of  Automotive  Vehicles,  TM9-8000, 
chapters  14,  15,  16  and  17. 
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c.    POW-001,  "Power  Train"  (13  min.).  AIMS 

Instructional  Media  Services  Inc.,  3 
Hollywood,  Ca.    90028.  ^ 


d.    MA3739,  "Automotive  Gears,  Principles  / 
of  .Operation"  (Obsolete)  (25  min.)* 

2.    Transparencies  (Ford  Service  Publications,  ■ 
P.O.  Box  7750,  Detroit,  Michigan  48207). 

a.  7001,  "Car  and  Truck  Clutches,  Principles 
,       of  Operation". 

b.  7100,  "Car,  3  speed  Manual  Shift  Trans- 
emission  and  Overdrive,  Principles  of 

Operation".  ,  ^ 

<-  •  c.    4001 J  "Car  Rear  Axle,  Principles  of 

Operation".  , 


l 


3-    Charts  (Ford  Service  Publications,  ?.0. 
Box  7750,  Detroit,  Michigan    48207).  ~ 

a.  7002,  "Car  and  Truck  Clutch  Diagnosis, 
Adjustment  and  tight  Repair". 

b.  7203,  "Truck  4  and  5  Speed  Manual 
Transmission,  Principles  of  Operation". 

c.  4200,  "Car  Rear  Axle  Diagnosis". 
4.    Locally  Prepared  Materials. 

a.    Job  Sheet. 
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•  ~  •      -  133-  Power  Train- of  the  M715  1  1/4  Ton 
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5.  Devices. 

a.  Manual  5  speed  transmission  (cutaway)'* 

b.  Differential  assembly  double  reduction 
(cutaway) . 

E*    Training  Aids  and  Devices: 


*1.  16m  sound  movie  projector. 
2.    Overhead  projectors 


j 
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OUTLINE  OF  INSTRUCTION 

INSTRUCTOR  ACTIVITY 

STUDENT  ACTIVITY 

T 

Introduction  to  the  lesson.  . 

A. 

Establish  contact. 

I .A.    Introduce  self  and  topic. 

** 

1  •    Name  * 

• 

2.    Topic:    Automotive  Power  Train  Service 

B. 

Establish  readiness. 

KB,    Motivate  student. 

1.  Purpose. 

- 

2 .    Assignment  •  * 

"c. 

Establish  effect* 

I.C.    Bring  out  need  and  value 

of  material  being  presented. 

1.  Value. 

a*    Pass  course. 

* 

b.    Perform  better  on  the  job. 

- 

- 

c •    Get  advanced •  „ 

• 

d.    Be  a  better  Construction  Mechanic. 

D. 

Overview:  3 

I.D.    State  learning  objectives. 

■ 

X.    An  unaerstanajjig  ut  uasic  gcai.  uiieu^jr 

1,    State  information  and 

t' 

simplifies  working  the  automotive 

materials  necessary  to  guide 

transmission,  clutch,  differential, 

student. 

and  gear  trains.    The  automotive 

power  train  may  fail  entirely  or  fail 

to  function  properly  from  various 

causes,  such  as  wear,  both  normal  and 

unusual,  inadequate  lubrication. 

* 

improper  operation  and  breakage. 

14u 
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OUTLINE  OF  INSTRUCTION 

II .    Presentation • 

A.    Clutch  assembly. 

1.    Function  of  the  clutch. 

a*    Allows  operator  to  couple  and 
uncouple  the  engine  power  from 
the  transmission. 


INSTRUCTOR  ACTIVITY 


II .A.    Show  training  aids: 
Clutch  disc,  pressure  plate, 
and  release  bearing. 


CM  "A"  IG  3.1.2 
STUQENT  ACTIVITY 


II.    Studthts  take  notes 
and  ask  questions  as 
needed . 


3. 

14i 


b«    Allows  engine  to  take  load  of 

vehicle  without  jerks  or  stalling 
of  engine.  * 

Types  of  automotive  clutches* 

«,«    Dry  single  disc  automotive  type 
dutch. 

(1)    Transmits  engine 'powef  through 
frictional  contact  with  fcwo 
drive  members,  (plates)  and 
one  driven  member  (disc). 

'r      (2)    Most  automotive  clutches  are 
of  this  type. 

b.    Types  of  dry  single  disc  clutches. 

(1)  Diaphragm  spring . 

(2)  Helical  coil  sprixfe. 

?arts,  nomenclature,  and  operation  of 
automotive  plutcti. 


rfA.2.    Refer  clasp  to  TM9- 
8000,  chapter  14  to  view 
illustrations  of  clutch 
construction. 


II. A. 2.    Refer  to 
TM9-8000,  chapter  14 
as. directed. 
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INSTBDCTOI  ACTIVITY 
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a*  Flywheel. 

(1)  Coupled  to  engine  crankshai^:. 

(2)  Furnishes  one  driving  surface, 

(3)  Contains  clutch  shaft  pilot 
bearing* 
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(a)  Located  in  center  of 
flywheel* 

(b)  Supports  forward  end  of 
clutch  shaft* 

b.    Clutch  driyen  disc  assembly. 

(1)  Driven  member  of  clutch. 

> 

(2)  Furnishes ' two  driven  surfaces. 

(3)  Secured  to  clutch  shaft  by 
splines. 

(4)  Must  be  free  to  move  hack 
and  forth  on  clutch  shaft. 

(5)  Parts  of.  driven  assembly. 

(a)  Hub. 

1^   Splined  to  fit 
•  %splined  clutch  shaft. 

(b)  Torsional  springs. 

1.    Absorbs  torsional 
■»    vibrations  of  engine. 


II.A.3.b.    Display  various 
types  of  clutches. 
Pass  on  to  students  the 
actual  clutch  components. 


II.A.3.b.(5)    Show  transparen- 
cies, discuss  parts  and 
function. 


II.A.3.b.  Examine 
clutch  components. 


II.A;3.b*(5)  Take  notes 
as  needed. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3*1.2 
STUDENT  ACTIVITY, 


{£)    Disc  plate, 

1.    Waved  or  curved, 
(d)    Facing  or  lining, 

1,    Riveted  to.  disc  plate. 


 2.    Pressed  or  woven  

asbestos  compound, 

Pressdre  plate  assembly, 

(1)  Applies  pressure  for  engaging 
r  of  clutch, 

(2)  Provides  means  of  releasing 
clutch, 

(3)  Parts  of  pressure  plate 
assembly. 

(a)    Pressure  plate. 

1,  Furnishes  ope  driving 
surface, 

2,  Allowed  to  move  back 
and  forth  to; 

a, '    Disengage  clutch. 

b.  Apply  pressure  to 
/     driven  disc, 

3,  Held  in  cover  by  lugs 
or  dogs, 

.  a.    Must  turn  with 
cover. 
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II.A,3.c. (3)  >  Show  transparen- 
cies ,  discuss  parts  £nd 
function* 


II.A,3,c.(3)  Follow 
presentation  and  take 
notes. 
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OUTLINE  OF  XMSTHJCTIOM  INSTMUCTtiR  ACTIVITY  STUDENT  ACTIVITY 

—  t  '  ■  1 

4.    Pressure  springs  apply 
pressure  to  this  plate. 

(b)  Pressure  springs. 

1.  Apply  pressure  for*  &  * 
engaging  and  holding 

 the  clutch  engaged.  

2 .  Located  between  clutch 

cover  and  pressure  v  - 

plate. 

3.  Types  of  springs. 
a.  Diaphragm. 

'    b*  Helical. 

(c)  Release  mechanism. 

1^  Are  actuated  by  release 
bearing. 

2.    Types  of  releasing 
mechanisms • 

/  ■  «, 

a.  Release  levers  are 

1  used  on  the  helical 

spring  clutch. 

b.  Diaphragm  spring 
is  used  on  the 

#  diaphragm  spring 

clutch. 
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OUTLINE  OF  INSTRUCTION  . 

(d)    Clutch  cover. 


INSTRUCTOR  "ACTIVITY 


CM  "A"  IG  3.1.2 
STUDENT  ACTIVITY 


1.    Encloses  pressure 

plate,  pressure  springs, 
retracting  springs,  M 
and  releasing  jnechan- 
ism. 

JL*  Bolted  direqtly  fro  


II.A.3.c.(3)(d),  Display 
<*lutch  assembly. 
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flywheel . 

(e)  Release  bearing. 

1.  It  actuates  release  j 
lever 8  for  disengag- 
ing of  clutch. 

2.  Located  on  cfutch 
shaft. 

3.  Operated  by  linkage 
from  c^Lutch  \)edal. 

4.  Usually  a  sealed 
prepacked  ball  thrust 
bearing. 

rv  « 

(f )  Clutch  pedal  and  linkage'. 
1.    Actuates  release 


II.A.3.c,(3)(e)    Discuss  parts 
and  function.  ~  ** 


II.A.3.c.(3)(f)    Have  class 
refer  to  clutch  illustrations 
in  chapter  28  of  Automotive 


bearing  for  releasing  >  Mechanics,  6th  edition, 
clutch. 

♦ 

2.    Provides  adjustment 
for  wear. 
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II.A.3.c.(3)(f).  Refer 
to  text  as  directed  *" 
and  follow  discussion. 
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a,  Adjustment  known 
4  ajs  clutch  pedal 

free  travel* 

b,  Amount  of  free 
travel  on  clutch 
approximately  1/2 
to  1  Inch* 

Operation  when  disengaging  clutch, 

(1)    Move  release  bearing  In*  \^ 

(a)    By  force  applied  to  pedal 
^         '   and  transmitted  by  linkage. 

^(2)    Pressure  plate  moves  away  from 
clutch  driven  disc. 


(a)    By  action  of  the  release 
,  meclianism. 

(3)  ^Clutch  driven  disc  moves 

away  from  flywheel, 

(4)  Clutf^  driven  disc  stops  < 
rotating. 

(a>  No  force  exerted  on  it* 

(5)  Clutch  is  in  disengaged  position, 

e.    Operation  when  engaging  clutch, 

(l)    Rel^Sfce  bearing  moves  back  on  1  Z p 

clutch  dhaft,  C 
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OOTLIHE  OF  IKSTRUCTION 


\ 


(a)    By  releasing  force  exerted 
on  pedal  linkage* 

(2)  Pressure  plate  moves  toward 
clutch  driven  disc* 

(a)    By  force  of  pressure 
springs. 

(3)  Clutch  driven  disc  starts  to 
rotate. 

(a)    By  force  being  exerted 
on  both  sides* 

(A)    Clutch  is  fully  engaged, 

(a)    When  released  bearing  is 
completely  away  from 
release  levers, 

f .    Importance  of  clutch  pedal  free 
travel . 

(1)    As  clutch  surfaces  wear,  the 
free  pedal  clearance  dimin- 
ishes until  finally  the 
clutch  cannot  fully  engage. 

(a)    If  clutch  cannot  fully 
engage,  slippage  will 
occur,  causing  over- 
heating and  rapid  wear. 


INSTRUCTOR  ACTIVITY" 


CM  "A"  IG  ^.1.2  . 
STUDENT  ACTIVITY 


II.A.3.f.    Use  transparencies 
to  show  how  clutch  pedal  free 
travel  diminishes  as  clutch 
surfaces  wear* 


II.A.3.f .  Follow 
presentation  and  take 
notes. 


ER?C 
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OUTLINE  OF  DiSTBDCTION  INSTRUCTOR  ACTIVITY  STUDEHT  ACTIVITY 

(2)    Routine  checks  and/or  adjust- 
ment of  free  pedal  clearance 
is  necessary  to  insure  full 
engagement  of  clutch. 

4.    Diagnosis  7>f  clutch  trouble.  • 

a.  Clutch  slips  while  engaged* 

(1)  Improper  linkage  adjustment.* 

(2)  Broken  or  weak  pressure  springs. 
Oy  Worn  friction  facings. 
<4)    Grease  or  oil  on  facings. 
(5)    Release  mechanism  binding. 

b.  Clutch  grabbing  while  engaging. 

(1)  Oil  or  gum  on  friction  facings. 

(2)  Cracked  or  broken  facings. 

(3)  Loose  engine  mountings.  *  % 

(4)  Loose  transmission  mountings. 

(5)  Loose  rear  spring  plips  or  shackles. 

(6)  Broken  torsional  springs. 

c.  Clutch  dragging  while  disengaged. 
(1)  Oil  or  grease  on  facings. 


156 


/ 


OUTLINE  .OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


(2)  Warped  driven  disc  or  pressure 
plate. 

(3)  Excessive  pedal  free  travel. 

(4)  Clutch  ^driven  disc  hub  bindings. 

(5)  Faulty  clutch  pilot  bearing, 
d.    Clutch  noises. 

(1)  Hub  loose  on  shaft. 

(2)  Broken  torsional  springs. 

(3)  Weak  retracting  springs. 

(4)  Worn  release  bearings* 

(5)  Excessive  lug  clearance* 

(6)  Broken  pressure  springs. 


Clutch  repair  procedure. 

a .    Removal .  f 

(1)  By  removing  engine. 

(2)  By  removing  transmission. 


ERLC 


II. A. 4. d. (6)    Show  movie 
MA167-2-Q,  Automotive  Trouble- 
shooting the  Clutch. 

Review  high  points  of  movie. 

It .A. 5.    Take  clsss  to  shop, 
assign  vehicles »  tool  cabinets 
and  issue  job  sheets. 
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CM  "A"  IG  3.1.2 
STUDENT  ACTIVITY 


II.A.4.d.(6)  *  View 
movie. 
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INSTRUCTOR  ACTIVITY 


15J 


(3)  Clutch  removal  varies, 
according  to  manufacturer 
of  the  vehicle* 

(4)  Due  to* the  weight  of  the 
transmission  or  engine,  use  the 
proper  weight  lifting  tools. 

(5)  Loosen  mounting  bolts  evenly 
to  relieve  spring  pressure, 

b.  Inspection  and  repair. 

(1)    All  parts  of  the  clutch  assembly 
must  be  checked  for  wear, 
excessive  heat,  (heat  checks) 
and  warpage. 

c.  Installation. 

(1)  Be  sure  driven  disc  is  installed 
properly. 

(2)  Use  a  pilot  or  clutch  shaft  to 
align  driven  disc. 

6.    Clutch  maintenance. 

a.  Lubrication. 

(1)  Release  bearing  (some  types). 

(2)  Linkage. 

b.  Adjustments. 
(1)    Clutch  pfedaL  free  travel. 


\ 


II .A. 6.  Direct,  supervise  and 
evaluate  student  teams  in  per- 
formance of  clutch  service. 
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CM  "A"  IG  3.1.2 
STUDENT  ACTIVITY 


II.A*6.    Perform  clutch 
service  in  accordance 
with  manufacturer's 
specifications  as  stated 
in  the  job  sheet 
CM  "A"  JS  3.1.1.1. 


ISO 
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OUTLINE  OP  INSTRUCTION 

(a)    Adjust  by  adjustment 
on  linkage. 

(2)    Release  levers. 

(a)  Major  adjustment. 

(b)  Should  not  have  to  be 
adjusted  unless  pressure 
plate  needs  to  be  closer 
to  clutch  driven>dlsc. 

r 

B.    Gear 8  and  gear  trains. 

1.    Gear  ratio  and  torque. 

a.  Determined  by  the  relative  speed  of 
rotation  between  two  meshing  gears. 

b.  Determined  by  the  number  of  teeth 
of  the  driving  and  driven  gear* 

(1)    In  gear  systems ,  speed  reduc- 
tion means  torque  increase. 

c.  Smaller  gear  with  half  as  many 
teeth  driving  a  larger  gear.  *  . 

(1)  Gear  ratio  is  2:1. 

(a)    Also  called  mechanical 
advantage. 

(2)  Torque  ratio  is  1:2. 
Uses  of  gearing,  gear  trains. 


I6i2. 


INSTRUCTOR  ACTIVITY 


II. B.    Display  gear  sets. 


II.B.l.a.    Refer  class  to 
chapter  13  of  TM9-8000  and 
chapter  30  of  Automotive  Mech- 
anics, 6th  edition. 


1 
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CM  "A"  IG  .'.1.2 
STUDENT  ACTIVITY 


(en 


II. B.  Students  take 
notes  andjftak  questions 
as  needecF.' 

II.B.l.a.    Refer  to 
text  as  directed  by 
instructor  and  follow-  • 
discussion. 
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OPIUMS  OF  INSTRUCTION 

a.    Simple  gear  train. 1 
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(1)    One  drive  gear  and  one  driven 
gear* 

b.  Compound  gear  train. 

(1)    A  gear  train  with  two  or  more 
drive  gears  and  two  or  more  „ 
driven  gears. 

c.  Idler  ge4Xs. 

) 

(1)  Used  to  change  ditection  of 
drive. 

(2)  Take  up  space  between  drive  and 
driven  gear. 

(3)  Does  NOT  change  ratio  of  drive 
to  driven  gear.  * 

d.  Simple  gear  train. 

(1)    Count  the  teeth,  divide  the 
number  of  teeth  on  the  driven 
gear  by  the  number  of  teeth 
on  the  driver. 

(a)  Driving  gear  -  20  teeth. 

(b)  Driven  gear  -  40  teeth. 

(c)  40  divided  by  2fr  equals 
2  to  1. 


INSTRUCTOR 


A^TT 


IVITY 


II.B.2.d.    Demonstrate  simple 
and  compound  gear  trains 
using  chalktrf^rc^ 
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CM  "A"  IgVi.2 
STUDENT  ACTIVITY 


hi 


4 


II.B.2.d.  Follow 
demonstration  and  take 
note 
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OUTLINE  OF  INSTRUCTION  #  IMSTBDCTOR  ACTIVITY  STUDENT  ACTIVITY 

(2)  Measure  the  diameter  (pitch 
diameter) • 

(a)  Driving  gea*  -  5  inches.  * 

(b)  Driven  gear  -  10  inches. 

(c)  10  divided  by  5  equals 
2  to  1. 

(3)  Count  and  compare  the  number 
of  revolutions  each  shaft  makes  * 
(enclosed  gear  boxes)  •  * 

(a)  Driving  shaft  -  100  RPM. 

(b)  Driven  shift  -  200  -RPM. 

e •    Compound  gear  trains . 

(1)    Count  the  teeth,,  divide  th6  < 
product  of  all  the  driven  gears  , 

by  the  proddct  of  the  drive  * 

„  \  *  t  • 

p  .  ^cear$,f  .  1  < 

W>     *  ****><*■  »mh**'    «*«*•«  '  * *;&2^t*'fVS^,?~~~*»  ****** ~ .^^^  -  *  s 

(a)  Driving  gears  -  10  teeth,  0  t 
5  teeth  and  20  teeth. 

(b)  Driven  gears  -  20  teeth,  fi 
10  teeth  and  40  teeth. 
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(  )  20  x  10  x  40  .  8000 , -g  tQ  x 
lC'    10  x    5  x  20  1000 

(d)    The  product  of  all  the 
ratios .  , 
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OF  INSTRUCTION 

(2)    Gear  ratios  are  always  stated 
with  the  driving  gear  first. 

(3>    Gear  ratios  are  usually 

stated  by  the. number  of  turns 
of  the  drive  gear  to  one  revol- 
ution of  the  driven  gear. 

3.    Gear  construction,  .types  and  uses. 

a.  Gear  construction  and  nomenclature. 

*r       (i)    The  gear  is  a  series  of 
levers. 

(2)    Gear  teeth  are  levers. 

r  i 
.  (3)    Shaft  is  fulcrum. 

(4)    Can  be' used  to  increase  speed 
or  torque. 

b.  Types  of  gears.  ] 

(1)  Spur  gear.  i  4  >  . 

(a)  Straight  cut  teeth. 

(b)  One  tooth  of  each  gear  in 
contact. 

(c)  Jerky  motion. 

(2)  Helical  gear. 

(a)    Teeth  cut  on  angle. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3.1.2 
STUDENT  ACTIVITY 


II.B.3.a.  Use  transparencies  II.B.3.a.  Students 
and  discuss  parts  and  fi&ction.  ;  take  Aotes. 


II.B.3.b.(2)    Show  right  and  / 
left  hand  Tielical  gears  and  pcdnt 
out  method  of  determining  right 
from 'left.  w 


ERIC 
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OUTLINE  OF  INSTRUCTION  *~  INSTRUCTOR  ACTIVITY  '  '  STUDENT  ACTIVITY 

t 

(b)  Several  teeth  in  contact.  ■> 

(c)  Smooth  motion,  quiet  oper- 
ation. 

(d)  Produces  large  amount  of 
thrust. 

(e)  A  right  hand  helical  gear 
must  mesh  with  a  left  hand 
helical. 

(f )  Determining  right  hand 
*  helical  from  left  hand 

helical . 

1.  -  Looking  at  hub  of  gear 

if  teeth  go  off  to 
right,  its  a  right 
hand  helical. 

2.  If  teeth  go  off  to  left, 
gear  is  left  hand 

helical.  . 


\  (a)    Two  sets  of  helical  teeth  "      •     ^  <^  _ 

'  opposing  each  other. 

(b)  Thrust  is  equalised. 

(c)  Same  advantages  as  helical 
gear 8. 
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OUTLINE  OF  INSTRUCTION 

(4)    Worm  and  spur  gear. 

(a)  Spur  gear  driven  by  a 
screw  or  worm. 

(b)  Allows  large  mechanical 
' advantage • 

(c)  Allows  torque  to  flow  at 


i 


INSTRUCTOR  ACTIVITY 

II.B.3.b.(4)    Use  transpar- 
encies, discuss  parts  and 
function. 


right,  angle  to  drive. 

A 

(d)    Worm  can  be  single  or 
multiple  threaded. 

(5)  Internal  gear. 

(a)  Driver  and  driven  gear 
turn  same  direction. 

(b)  Allows  large  reduction  in 
small  space  by  bringing 
shafts  closer  together. 

(6)  Rack  and  Pinion  -  changes 
rotary  motion  to  linear  motion 
and  vice  versa. 

(7)  Bevergears. 

(a)  "  Teeth  cut  aroundTtfie*  gear 

face. 

(b)  Torque  flows  at  right  angle 
to  drive. 


CM  ffAff  IG  3.1.2 
STUDENT  ACTIVITY 

II.B.3.b.(4)    Take  notes. 
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INSTRUCTOR  ACTIVITY 


s. 

!  i 


\  t 
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(c)    Types  of  bevel  gears* 


II.B.3.b. (7) (c)  Introduce 
and  show  movies  MA3739, 
1*    Spur  bevel  -  straight      "Automotive  Gears,  Principles 

 cut  teeth.  of  Operation"  and  HA8070, 

"Planetary  Gears,  Principles 

2.  Spiral  bevel  -      *         of  Operation", 
curved  teeth. 

3.  Hypo id  -  curved  teeth, 

shafts  do  not  intersect.  * 


CM  "A"  IG  \1.2 
STUDENT  ACTIVITY 

"lI.B.3.b.(7)(c)  View 
films  and  take  notes. 


(0 


(8)    Planetary  gears.  -  ' 

(a)  Internal  or  ring  gear. 

(b)  Planet  carrier  and 

t        pinions.       *  , 


II.B.3.b.(8)  Review, high  points 
of  movies. 


II,B.3.b. (8)  Participate 
In  discussion. 


i       '  7 


(c)    Sun  gear. 
C.  Transmissions. 
1.  Function. 

a.    Gives  neutral  posj 


b.  .  Gives  selection  of  forward 

speeds  for  operating  efficiency. 

c.  Gives  reverse  direction.  0 
2.    Nomenclature  of  parts. 

a.  Gears. 

(!)  Types. 


II.C.l.    Using  cutaway  trans- 
mission, point  out  to  class 
function  and  arrangement  of 
gearing. 


II.C.l.    Students  take 
notes  and  ask  questions 
as  needed.  « 
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OUTLINE  QF  INSTRUCTION 

(a)    Spur  gears. 


175 


1.    usually  a  sliding 
gear. 

(b)    Helical  gears. 

1.  Usually  a  constant 
.   mesh  gear. 

2.  Splines  on  shaft  must 
be  angled. 

b.  Bearings,  \  , 

(1)  Supports  transmission  shafts. 

(2)  oSome  gears  are  supported  on 

the  shafts  on  bearings  in 
order  to  rotate  independently 
of  the  shaft. 

—  (3)    Generally  ball  or  roller  bearing.' 

(4)  Some  transmissions  use  needle 
bearings • 

(a)    USe  care  in  handling. 

(5)  Bushings  may  be  used  instead  of 
bearings • 

c.  Control  mechanism  (shifting)'. 
(1)    Gear  shift  lever. 


INSTRUCTOR  ACTIVITY 


II. C. 2.3.(1X3)1^  Refer 
class  to  TM9-8000 J  chapter  15 
and  Automotive  Mechanics ,  6th 
edition,  chapter  30  -  discuss 
gears  and  gedr  trains. 


CM  "A"  IG  3.1.2  j 
STUDENT  ACTIVITY 


to? 


il.C.2.a.(l>(a)l^ 
Follow  discussion  while 
referring  to  texts  as 
directed  by  instructor. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3.1.2 
STUDENT  ACTIVITY 
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(2)  Shifting  rails.' 

(3)  Shifting  forks  secured  to  rails. 

(4)  Poppet  ball*  and  springs  hold 
rails  in  place. 

(5)  Interlock  ■ecbaniap  prevents 
shifting  more  than  one  gear 
at  a  time. 


d.    Speed  selectors  (moved  by  forks), 

(1)  Sliding  gear. 

(2)  Sliding  collar. 

(a)  Collar  is  splined  to 
shaft  and  has  either 

r  internal  or  external 

teeth  to  engage  with  a 
gear  and  lock  the  gear 
to  the  shaft. 

(3)  Synchromesh  unit.  ' 

,        (a)  Cone y:lutch. 

« 

(b)  Sliding  collar., 

(c)  Used  to  prevent  damage 
to  the  transmission  by 
synchronising  the  speed 
of  the  moving  parts 
tog^t 


II.C.2.d.  Show  transparencies,  II.C.2.d.  Take  notes, 
discuss  parts  and  function. 


178 


(24  of  50) 


CM  "A"  16  3.1.2 

,  OUTLINE  OF  INSTRUCTION    T  _   ^     _.  .         ^INSTRUCTOR  ACimTSL   STUDENT  ACTIVITY, 

1.    Prevents  clashing  of 
the  gear  teeth. 

e.  Shafts. 

^     (1)    Clutch  shaft  and  main  drive 

gear*  -  , 

(a)    Main  drive  gear  secured  to 
clutch  shaft. 

*  (b)    Main  drive  gear  in  constant 

mesh  with  clusteif  gears. 

(2)  Counter  shaft  and  cluster  gears.  , 

(a)    Clujfper  gears  mounted  on  - 
this  shaft.  v 

1.  Gears  are  keyed  or  .  . 
«                                   molded  to  s^aft.- 

2.  Must  rotate  ^together. 

3.  Rotates  in  opposite 
direction  to  that 

.  of  engine; 

(3)  Transmission  main  shaft vand 
gear 8 • 


17j 
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(a)  Separated  from  clutch  shaft  f 
by  pilot  blearing. 

(b)  All  gears  are  sliding,. or  lo(J 
free  to  rotate.  *    w  * 
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OUTLINE  OF  INSTRUCTION  *  .  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(c)  -  Synchrouesh  units  and 

sliding  collars  are  moun- 
ted on  this  shaft. 

* 

(4)    Reverse  idler  shaft  apd  idler 
gears* 

(a)    Shaft  supports  idler 
gears . 

*  (b)    Idler  gears . give ' reverse 

direction-. 

3.    Types  of  transmissions % 

a,  Sliding  gear  selective  type. 

(IX    Can  select  any  .speed  ratio 
without  going  through  inter- 
mediate stages. 

V  > 

(2)    All  conventional  automotive 
transmissions  are  of  the 
selective  type. 

b.  Constant  mesh.   ,  - 

(1)    A  complete  fconstant  mesh  trans-  *  * 

mission  "would  have  all  gears 
on  the  main  shaft  bearing 
mounted  on  the  main  ghaf t  and  ! 
the  mating  gear  on  the  counter- 
shaft.*. 

4 

Cd    Synchromesh  transmission* 


(1)  Very  similar  to  a  constant^ 

A  r>  <  mesh  transmission.'  „  *  - 

lbi        '  ......  ■  18  *& 
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(a)  The  gears  on  the  main 
8 haft  may  be  bearing 
mounted  to  the  main  shaft 
and  in  constant  mesh  with 
the  mating  gear  on  the 
counter  shaft  or  j>art  of 
the  gears  may  be  sliding 
gears . 

(b)  The  sliding  collars  are 
replaced  with  synchromesh 
units . 

4.    Removal  and  installation  procedures. 

a*  Will  vary  depending  on  the  make 
and  model  of  vehicle  and  trans- 
mission. 

b.    Check  manufacturer's  repair  manual 
for  steps  in  removal  and  instal- 
lation. 

5*    Inspection  and  overhaul. 

a*    Disassembly  and  assembly  will  vary 
depending  on  the  make  an^  model 
of  the  vehicle  and  transmission. 


II. C. 4.    Introduce  and  show 
Jfilm  POW-001,  "Power  Trains". 


II.C.4.b.  Review  high  points 
of  movie. 


II.C.5.a.    Take  class  to  shop. 
i 


II. C. 4;    View  film. 


II .C .4 . b .  Participate 
in  'discussion. 


ifact 


b.    Check  manufacturer's  repair  manual. 
D.    Transfer  cases. 
1.  Function. 


a.    Enables  the  power  to  be  divided 
or  transferred  to  both  forward 
and  rear  propeller  shafts. 


II.C.5.b.    Direct,  supervise 
'and  evaluate  student  per- 
formance in  disassembling, 
assembling  and  installing^^N 
transmission.  „  s  * 
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II .  C . 5 . b .    Disassemble , 
assemble  and  install 
transmission  in  accord- 
ance with  manufacturer 's 
specifications  as  speci- 
fied in  the  job  sheet 
CM  ,fAff  JS  3.1.1.1. 
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b. ~   Provides  a  lowering  oTTtte  pdwet 
train  to ^permit  the  forward 
propeller  shaft  to  clear  the 
engine  cranlccase. 

c.  Essentially,  a  two-speed  unit 
(low  and  direct) . 

2.    Operation,  construction  and  nomenclature. 

a.  Very  similar  to  a  transmission. 

b.  Some  military  vehicles  use  sprag 
j    units  for  the  front  wheel  drive. 

(1}    Sprag  units  provide  an  auto- 
matic means  of  engaging  the 
front  wheel  in  drive  when 
additional  'tractive  effect  is 
required . 

hiring  normal  operation,  only 
ear  wheels  drive. 

ear  wheels  lose  traction  and 
[begin  to  slip,  they  turn  'faster 
than  front  wheels  and  the 
prag  unit  engages. 

E.    Power  take  off  units. 
1.  Functicfa. 

/** 

a.  Enables  power  to  be  delivered  to 
power  driven  auxiliary  equipment. 

b.  Generally  mounted  , on  and  driven 
4    from  transmission. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  ^.1.2 
STUDENT  ACTIVITY 


C 


II.E.l.-  Show  transparencies  and  II.E.l.    Take  notes, 
discuss  parts  and  functions  of 
the  power  take  off  units. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  tG  3.1.2 
STUDENT  ACTIVITY^ 


2.    Operation,  con3truction  and  nomenclature. 

a*    Very  similar  to  a  transmission  or 
trans|fer  case. 

b/  May  be  several  different  designs. 

(1)  Single  gear,  single  speed* 

(2)  Two  gear,  single  speed. 

(a)    Changes  rotation. 

,  * 

*  (3)    Single  speed  forwardi  and 
tfeverse.  v 

t 

(4)    Two  speeds  forward  and  one 
reverse . 


3 


9 
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F.    Drive  lines. 

1.    Function  of  propeller  shafts  and 
universal  joints. 

a.    Connects  transmission  to  axle 
assemblies. 

T> .    S lip" yo iht "pro vides  for  f luc tua t ions 
of  the  axle  housing.  , 

c.    Universal  joint  allows  one  shaft  * 
'  to  drive  another  at  an  angle. 

2  ^    Variable " velocity  auniver sal  j  oin t . 

a •    Cons true  tion • 
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II.F.l.  Show  transparencies, 
discuss  parts  and  function. 


II. F. 2.   Direct  class  to  TM9- 
8000,  chapter  16  to  view 
illustrations  of  propeller 
shafts  and  universal  joints. 
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II. F. 2.  Follow  discus- 
sion while  referring  to 
TM9-8000  as  directed. 
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INSTRUCTOR  ACTIVITY 


CM  "A11  IG  ,.1.2 
STUDENT  ACTIVITY 


(5)    Variation  of  velocity  cannot 
be  eliminated  but  Its  effects 
can  be  minimized  by  using  two 
universal  joints. 

c.    Timing  universal  joints*. 

(1)  Due  to  the  speed  fluctuations 
of  the  driving  shaft  I  in  re- 
lation to  the  driven  shaft, 
It  is  necessary  for  the^ 

universal  -joints  tb  be  timed* 

i 

(2)  '    Two  inner  yokes  must  be  in 

the  game  plane. 


Most  propeller  shafts  are  made 
with  one  wide  section  in  the 
splines  of  the  slip  joint 
and  can  only  go  together  oqe 
way. 


(4)  Some  propeller  shafts  are  long 
and  use  a  center  support 
bearing  •* 

(5)  Propeller  shafts  may  be  in  two 
or  more  sections  and  may  have 
more  than  two  universal 'joints. 


(a)    Care  must  be  used  in  the_ 
reassembly  of  the  shafts 
using  slip  joints. 

(6)  ^Improperly  assembled  shafts  will 
'      cause  an  excessive  vibration. 


j 
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OUTLINE  OF  INSTRUCTION 

d.  Common  faults  and  failures. 

(1)  Lubrication • 

(a)  Lack  of _ lubrication. 

(b)  Over  lubrication • 

   ~  (c)    Do  not  use  higlv  pressure 

grease  guns. 

(2)  Worn  bearings  and  grease  seals. 

(3)  Uniyersals  improperly  timed. 

e.  Removal »  repair  and  installation  of 
universal  joints,  propeller  shafts 
and  slip  joints. 

(1)  "  Disconnect  at"  universals . 

(2)  Remove  propeller  shaft. 

(3)  Check  for  the  following. 

(a)  Shaft  for  straightness. 

(b)  Universals  for  wear.  ^ 

(c)  ~Slip~joint  for  wear. 


3 


(4)    Unless  there  are  external  means 
provided , '  repack  universale  and 
slip  joint  with  grease  before 
reassembling. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3.1.2 
STUDENT  ACTIVITY 
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(5)    Reinstall  units  on  vehicle 

making  certain  universale  arfe 
properly  timed.  ' 

#»  * 

**3.    Constant  velocity. 

a;    Found  on  front  axlfes  of  front  wheel 
drive  vehicles.  * 

v 

b.    Types  of  constant  velocity  joints. 

(1)  Cross  and  yoke.  \ 

*-       i     .  / 

(a)    Cons  true  ti$nl  and  nomen- 
*    .        clature.      '         '  ' 

1^_   Sim^lei**  to  variable*  . 
velocity  type. 

,  *» 

*  *  2±  Driving  member. 

3.  Drive*}  merafer. 

4,  4x4  military  front 
wheel' 'drive.  %  . 

(2)  Rzeppa.  -  * 

(a)    Construction  and  nomen- 
clature, 

»  •  * 

1.,   Driving  member. 

a.  Inner. axle  shaft. 

b.  Forked. 
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/ 

2.    Driven  member. 

-  •   •  * 

a.  Outer  a£Le  shaft. 

b.  Forked. 

3„    Universal  joint  inner 
^  portion, 

; 

a.    Hale  (or  spigot) 
joint, 

4.    Universal  joint  outer  ' 
portion. 

a.    Female^  (or  slotted) 
joint. 

Theory  of  operation.  - 

(1)  The  trails,  yokes,  or'  forks, 
which  are  tne  driving  contact, 
move  laterally  as  the  joint 
rotates. 

-*  ♦ 

(2)  Permits  the  point  of  driving 
contact  between  the  two  halves 
of  the  joint  to  remain  in  a 
plane  which  besects  the  angle 
between  the  two  shifts. 

(3)  No  variation  in  speed. 

(4)  'Operates  efficiency  up  to  a 

thirty  degree  angle. 


INSTRUCTOR  ACTIVITY 


V 


? 


II.F.3.c.(4)    Direct,  super- 
vise and  evaluate  student 
teams  in  universal  joint 
service. 
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n.F.3.c.(4)    Perform- . 
universal  joint 
service  while  conforming 
to  manufacturer's  spec-  . 
ifications  as  stated  in 
job  stieet  CM  "A"  JS- 
3.1.1.1  without  deviation. 
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OPTLIIK  OF  IHSTRPCTtOH 

G.    tear  axle  and  differentials. 
1.    Types  of  drive 'axles  units, 
a.    Live  axle. 

(1)  Transmits  torque. 

(a)  $Jay  or  may  not  carry 
weight  o£  the  vehicle 
depending  on  how  it  is 
mounted  in  the  axle 
housing.. 

(2)  Semi  floating. 

y  .(a)    Carries  weight  of  the 

vehicle  on  the  outer  end. 

1.  Inner  end  of  axle  is 
*  splined  into  the  dif- 

¥  ferential  side  gear. 

'  i 

2.  .Outer  end  of  the  axle 
is  supported  by  a 
bearing  placed  between 
the  axle  shaft  and 
housing  end. 

(b)  Supports  side  thrust.  > 


INSTRUCTOR  ACTIVITY 

II. G.    Refer  class  to  TM9-8QQQ 
chapter  17  for  illustrations 
showing  differential  construc- 
tion. \ 


CM  "A".  IG  ,,.1.2 
STUDENT  ACTIVITY 


II. G.    Refer  to  text 
as'  directed  and  follow 
discussion.  * 


II.G.l.a. (2)(b)    Show  transpar- 
encies and  training  aids. 
Discuss  parts  and  functions. 
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1.  On  some  vehicles  the 
end  of  the  axle  shaft 
is  tapered  to  fit  into 
a  tapered  hub.    It  is 
also  keyed  in  place  and 
held  by  a  nut  bn  the 

threaded  end  of  the  axle  ' 
shaft.    The  brake  drum 
is  fixed  to  the  hub. 
The  hub  contains  the 
lug  bolt 8  for  mounting 

the  wheel.  • 

2.  On  other  types,  the  *  x 

.  end  of  the  axle  shafts  . 

are  flanged.  ''The  'flange 

contains  the  lub  bolts. 

The  brake  drum  fits 

over  the  lug  bolts,  then 

the  wheel  is  placed  on 
•  the  lug  bolts. 

(c)    Transmits  torque.  " 

(3)    Full  floating. 

(a)  Transmits  torque.  ^ 

(b)  Ejoes  not  carry  weight  or 

support  side  thrust.  ,  ** 

It    The  hub  of  the  wheel 
is  bearing  mounted  on 
the  end  of  the  axle 
housing* 


V 
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INSTRUCTOR  ACTIVITY 


CM  "A11  IG  3.1.2 
STUDENT  ACTIVITY 


2.  The  Inner  end  of  the 
axle  is  spllned  to  £he 
differential  side  gear. 

3.  The  outer  end  has  a 
flange  that  Is  bolted 
to  the  wheel  hub. 

a.    By  removing  the 
nuts,  the  axle  can 
*  be  removed,  without 
removing  the  wheel. 


2 .    Dif f erential^units . 


/ 


Parts  and  nomenclature. 

; 

(1)  The  final  drive  gears  and  the 
differential  assembly  may  be 
mounted  in  the  differential 
carrier  housing  and  then  the 
case  assembly  can  be  removed 
and  replaced  as  a  unit  in  the/ 
large  opening  provided  in  the 
axle  housing. 

(2)  The  final  drive  gears  and  the 
differential  carrier  assembly 
may  be  mounted  in  the  axle 

/  9  housing  and  removed  as  separ- 
ate pieces.  ' 

(3)  Drive  pinion. 

(a)    Supported  in  the  differen- 
tial carrier  or  the  axle  , 
housing  by  tapered  roller 
bearings. 


9 
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(4)    BeveL  gear  (ring  gear). 

(a)  Bolted  or  riveted  to  the 
differential  case. 

(b)  Spur  bev^l. 

1  (c)    Spiral  Ijevel. 

(d)  Hypoid  (most  qommon) . 

(e)  Worm.  *  0 

* 

(f)  Changes  direction  of  torque 
from  propeller;  shaft  90° 

(to  axle  shafts..  • 

*  (5)#  Differential  case. 

(a)  Supported i in  the  differen- 
tial carrier  or  the  axle 
housing  by  taperei  roller 
bearings. 

» 

(b)  Types  and  construe t;Lon. 

1.  Conventional. 

2.  High  traction. 

3.  No-spin  type, 
i    '                    (6)    Differential  pinion  gears. 

(a)  May  be  two  or  four. 

(b)  "In  mesh  with  side  gears. 


INSTRUCTOR  ACTIVITY 


cm  "a"  1G"  .y.z 

STUDENT  ACT1V ITY ' 
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(c)  Mounted  on  pinion  shaft  k 
In  differential  case. 

(d)  Free,  to  turn  on  pinion 
8 haft • 

(7)  Differential  side  gears. 
J  v  (a)    Two  gears. 

(b)  Mounted  in  differential 
case.  •  I 

(c)  Axle  shaf  t  is*  spllned  to 
♦    »                  .  *  the  side  geaif. 

(8)  Bearing. 

(a)    Either  ball  bearings  or. 
***  '  tapered  roller  bearings 

^  may;  be  found  in  dif  fejrenr 

tial  units,  but  tapered 
roller  bearings  are  the 
most  common. 

(9)  Thrust  washers  and  shims,, 

0  (a)    Thrust  washers  are  found 

between  the  side  gea^s 
and  differential  ease  and 
between  the  pinion  gears 
j  and  case.  % 

.  .  (b)    Shims  are  >used  for  the  ' 

f         adjustments  of  the  pinion 

*  *  and  bevel  gear  in  some 

differentials. 


\ 


/ 
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b. 


\ 


(10)    Axle  shafts. 

(a)    Transmits  the  torque  front 
the  side  gears  to  the 
driving  wheels. 

Operation  and  function  of  the 
differential  (conventional). 

(1)    Straight  ahead. 

(a)  Drive  pinion  drives  the 
.     bevel  gear  (ring  gear). 

(b)  Bevel  gear  secured  to 
the  differential  case 
assembly  causes  the 
differential  case  assembly 
to  turn. 

(c)  Differential  pinions 
'mounted  on- pinion  shaft 

are  carried  around  with 
the  case  assembly. 

(d)  Pinions  do  not  rotate  on 
pinion  shaft  with  equal 
traction  on  both  rear 
wheels,  but  apply  equal 
torque  to  the  two  side 
gears  so  that  both  rear 
wheels  rotate  at  the  same 
time. 


(2)  Turns. 


INSTRUCTOR , ACTIVITY 


CM  "A"  IC  3.1.2 
STUDENT  AC j TVTTV 


/2</. 


II.G.2,b.  Use  cutaway  differ- 
ential assembly  to  demonstrate 
operation. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3.1.2 
STUDENT  ACTIVITY 


(a)  When  on  a  straight  road, 
the  bevel  gear,  differen- 

„   tial  pinions  and  the 
differential  side  gears 
all  turn  as  one  unit. 

(b)  When  rounding  a  curve, 
the  differential  pinion 
gears  rotate  on  the 
pinion  shaft. 

(c)  Due  to  the  difference  in 
the  distance  around  the 
curve,  it  is  necessary  for 
the  inner  wheel  to  slow 
down  and  the  outer  wheel 
to  speed  up. 

(d)  Because  of  the  'slowing 
down  of  the  inijer  wheel,  ' 
it  decreases  the  rotation 
of  the  axle  shaft  and  dif- 
ferential side  gear  with 
respect  to  the  bevel  gear 
and  differential  case. 

(e)  The  speed  of  the  differen- 
tial case  then  causes  the 
differential  to  rotate 

on  their  shaft;  and  walk 
around  the  slower  turning 
inner  side  gear,  advancing 
the  speed  of  the  outer 
gear,  causing  the  outer 
wheel  to  turn  faster. 


ERIC 
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CM  "A"  IG  .  .1.2 
STUDENT  ACTIVITY 
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1,    Allows  the  driving 
'wheels  to  rotate  at 
different  speeds. 

(f)  Speed  lost  in  one  side 
gear  will  be  gained  in  the 
other  side  gear. 

(g)  Equal  power  is  delivered 
to  both  drive  wheels, 
however  the  speeds  may 
be  unequal. 

(3)    Loss  of  traction. 

(a)  A  fault  in  the  conven- 
tional differential  is 
that  if  one  driving  wheel 
loses  traction  and  spins, 
the  other  wheel  which  has 
more  traction  remains 
stationary  and  does  not 
drive  the  vehicle. 

(b)  The  wheel  which  has  the 
least  traction  will  require 
less  torque  to  turn  and  as 
a  result  the  line  of  power 
will  be  to  that  whtfel.- 

(c)  The  wheel  with  th£  most 
traction  will  stop,  and 
cause  the  differential 
pinion  gears  to  rotate  on 
their  shaft  and  walk 
around-  the  stationary 
side  gear. 
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1,    The  differential  pin- 
,  .       ions,  and  side  gears 

are  conventional  gears 
and  are  most  commonly  v 
used.    Optional  fequip- 
ment  "may  be  used  to 

allow  for  the  differ-  \  • 

ence  in  turning  of 
x  the  driving  wheels  to 

be  locked  together  in 
case  one  wheel*  loses 
traction  to  the  ground 
and  starts  to  spin  or 

slip.  * 
»  * 
fu    High  traction  dif- 
ferential -  pinion 

and  side  gears.  -  ' 

b.    Various  types  of 

non-slip  units  using 

a  jaw  clutch,  cone*  * 
v  clutch  or  disc  clutch. 

c.    Inspection  and  repairs  of  drive  axle  * 
/housing  unit. 

(1)    Inspect  for: 

r 

(a)  Bent  or  warped  ^housing'.  , 

(b) ^  Cracked  or  broken  housing.         •  $ 

t  (c)    Worn  or  defefetive  grease      .  ' 

.        ,  seals.'  i 

•    (d)    Leaking  gaskets. 

.   '  (43  of  50) 
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(e)  Loose  axle  flange  nuts. 

(f)  Loose  differential  case 
nuts.  -  ' 


(g)    Broken  axle  shafts. 
^  (2)  Repairs. 


\  f 


(a)  Welding  or  replacing  f* 
housing .  ^ 

(b)  Replace  all  leaking  seals 
and  gaskets. 

(c)  Tighten  all  loose  nuts. 

(d)  Replace  broken  axle  shafts. 

Removal,  inspection,  installation 
and  adjustment  of  filial  drive  units. 

(1)  Remove  axle  shafts* 

(2)  Disconnect  propeller  shaft. 
( 

(3)  Remove  differ4ntial  case  and 
bevel  gear  front  the  axle  housing 
unit. 

(a)    Before  the  bearing  caps  are 
K  ttemoved,  they  should  be 

marked  in  o^der  to  be  put 
back  in  the  same  place. 
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(4)  Remove  the  pinion  shaft  from 
th£  axle  housing  unit*. 

(5)  Inspept  all  *pa?ts  for  wear  and 
damage. 

(6)  Replace  the  pinion  and  bevel 
gear  as  a  matched  set. 

/ 

(7)  Install  the  pinion  shaft  into 
the  axle  housing  unit. 

(8)  Install  the  differential  case  , 
•   and  bevel  gear  into  the  axle 

housing  unit. 

(9)  Make  all  adjustments. 

(10)  Replace  the  axle  shafts. 

(11)  Replace  the  propeller  shaft . 

(12)  Fill  to  the  proper  level  with 
the  proper  type  of  gear  oil. 

(a)    Hypold  lubricant,  also 
'known  as  extreme  pressure 
lubrlcnant. 


i-ftffirnirn 


1*    Non-ftffiming  type. 

* 

SXii)    Common  faults  arid  failures, 
(a)    Improper  lubrication. 
'(b)    Oil  leaks. 


V 
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.  OCmHK  OF  INSTRUCTION 

(d) 
(e) 
(f)' 


/ 


Broken  axle  shafts* 
Loose  bolt 8. 
Worn  bearing. 
Worn  gears*-—' 
Improper  adjustments. 


e.    Adjustments  to  the  final  drive 
unit 8. 


INSTRUCTOR  ACTIVITY 

s 


CM  "A"  IG  ^.1.2 
STUDENT  ACTxVITY 
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II. 6:2. e.  Instructor  demon- 
strate adjustments. 


II .  G .  2*.  e .  Par  tic  ipate 
in  discussion  and  take 
notes. 


(1)  The  drive  pinion  and  bevel 
gear  in  most  automotive  drive 
axle  assemblies  are  mated  to 
each  other  by  a  lapping  pro- 
cess at  the  factory  in  order 
to  obtain  proper  contact 
surf acea- on  the  gear  teeth. 

(a)    Must  be  replaced  as  a 
matched  set. 

(2)  Tapered  roller* bearings  are 
used  in  most* drive  axle 
assemblies  to  support  the 
drive  pinion  and  the  differ- 
ential case. 

(a)    Bearings  must  be  pre- 
luded. 

1.    Placing  of  the  bearings 
under  a  slight  tension. 
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\         •  (3)    Adjustments  must  be  made  with 

great  care  in  order  to  provide 
^  proper  meshing  of  the  gear 

teeth  and  bearing  preload. 

«. 

(4)  Drive  pinion  bearing  preload. 

*  (a)    Preloading  of  the  tapered 

roller  bearings  on  the 
pinion  shaft  to  prevent 
end  movement  of* the  shaft* 

1.    May  be  done  with  shims 
or  a  special  sleeve. 

(b)    Some  pinion  shafts  have  "a 
ball  bearing  on^tfae^  end 
»         '  of  the  shaft  to  control 

unit.  l 

(5)  JHf  ferentiaj,  tearing  preload. 

(a)  Preloading  of  the  tapered  m   

roller  bearing  supporting 
the  differential  case  in 

the  carrier  or  the  axle  % 
housing  tp  prevent  move-  . 
ment  qf  the;  case  and  V 
bevel  gear.  .      t?  „ 

1#    May  be  done  with  ad jus t- 
,  ing  nuts  or  shims. 

(b)  After  preloading  the 
bearings,  use  a  dial  in- 
dicator to  check  the 
bevel  gear  for  run  out. 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3-1.2 
STUDENT  ACTIVITY 


(6)    Pinion  depth. 

(a)    The  setting  of  the  pinion 
-gear  into  the  bevel  gear 
to  obtain  the  proper 
tooth  contact. 

1.    Usually  done  with 


(b)    Can  be  checked  with  pinion 
depth  setting  gauge  or 
a  tooth  contac^jpattem 
test. 

(7)    Backlash.,  j 

(a)    The  clearance  between 
the  teeth  of  the  drive 
pinion  and  bevel  gear 
(ring  gear). 

1.  Done  by  moving  the 
bevel  gear  closer  to 
or  further  away  from 
the,  drive  pinion. 

2.  Use  a  dial  indicator 
to  check  backlash. 


II. G. 2. 6. (7)  Encourage  student 
questions. 


ERJC  ' 
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(8)    Toofh  contact  pattern  test 
(not  an  adjustment). 

(a)    Paint  the  teeth  of  the 
bevel  gear  with  prussian 
blue,  red  lead  or  white 
lead  and  then  rotate  the 
pinion  through  the  pafint 
and  observe  the  impres- 

\  sion.  ' 
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OUTLINE  OF  INSTRUCTION 

III.  Application  • 

* 

A.    Each  component  of  the  power  train  was 
serviced  at  time  .coverage  was  given  in 
the  lesson. 

IV.  Summary. 

A.    Clutch  assembly. 


INSTRUCTOR  ACTIVITY 


III. A.    Direct,  supervise  and 
evaluate  student  performance 
in  servicing  final  drive. 


Wl    Gears  and  gear  trains-; 

C .  Transmissions . 

D.  Transfer  cases. 

E.  Power  take-off  unit^T 

F.  Drive  lines. 

G.  Rear  axles  and  differentials. 
V.  Test; 

A.    A  written  test  will  be  given  at  the 
end  of  this  unit. 


CM  "A"  IG  °.1.2 
STUDENT  ACTIVITY 


III. A.    Service  final 
drive  in  accordance 
with  manufacturer^ 
specifications  as  spec- 
ified in  the  job  sheet 
CM  "A"  JS  3.1.1.1, 
without  deviation.  * 
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OUTLINE  OF  INSTRUCTION 

III .  Application. * 

A.    Each  component  of  the  power  train  was 
serviced  at  time  coverage  wa£  given^tn 
the  lessor. 

IV.  Summary. 

A.    Clutch  assembly. 
—    B.    Gear 8  and  gear  trains. 
C    Tr ansmis  s  ion  s • 

D.  Transfer  cases* 

E.  Power  take-off  units. 

F.  Drive  l^Jies. 

G.  Rear  axles  and  dif ferentials. 

V.  Test: 

A.    A  written  test  will  be  given* at  the 
end  of  this  unit. 


INSTRUCTOR  ACTIVITY 


III. A.    Direct,  supervise  and 
evaluate  student  performance 
in  servicing  final  drive. 


CM  "A*1  IG  M.2 

student  Activity 


III  .A.    Service  final 
drive  in  accordance 
with  manufacturer's 
spejftf ications  as  spec- 
ified in  the  job  sheet 
CM  "A"  JS.  3.1.1.1, 
without  deviation. 
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OUTLINE  OF  INSTRUCTION 


(6)  Pinion^depth. 

(a)  The  setting  of  the  pinion 
gear  into  the  bevel  gear 
to  obtain  the  proper 
tooth  contact, 

1,    Usually  done  with 
shims. 

(b)  Can  be  checked  with  pinion 
depth  setting  gauge  or 

a  tooth  contact  "pattern 
test. 

(7)  Backlash. 

(a)    The  clearance  between 
the  teeth  of  the  drive 
pinion  and  bevel  gear 
(ring  gear), 

1,  Done  by  moving  the 

/  bevel  gear  closer  to 

or  further  away  from 
the'  drive  pinion, 

2.  Use  a  dial  indicator 
to  check  backlash. 


INSTRUCTOR  ACTIVITY 


CM  ,!AM  IG  j. 1.2 
STUDENT  ACTIVITY 


II.6.2.e.(7) 
questions. 


Encourage  student 


9 
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(8) -  Tooth  contact  pattern  test 
(not  an  adjustment) • 


(a)  Paint  the  teeth  of  the 
bevel  gear  with  prussian 
blue,  red  lead  or  white 
lead  and  then  rotate  the 
pinion  through  the. paint 
and  observe  (the  impres-* 
sion. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  ..1.2 
STUDENT  ACT:  ITY 


£31 


(b)  '  The  pinion  or  bevel  gear 

can  be  moved  to  obtain 
the  correct  tooth  contact* 

(c)  Correct  tooth  contact  with 
driving  load  distributed 
evenly  over  most  of  the 
side  of  tooth* 

(d)  Heei^ontact  -  move  bevel 
gear  away  from^drive 
pinion  -  correct" backlash 
by  moving  drive  pinion  in. 

(e)  To  contact  -  move 'bevel 
gear  away  from  drive 
pinion  -  corf ect  backlash  4 
by  moving  drive  pinion  In. 

(f )  High  and  narrow  contact  - 
move  drive  pinion  toward 

*    *    bevel  gear  -  correct  back- 
lash by  moving  bevel  gear 
away  from  drive  pinipn. 

(g)  Low  and  narrow  contact  - 
move  drive  pinion  away 
from  bevel  gear  -  correct 
backlash  by  moving  bevel 
gear  toward  drive  pinion. 


NOTE:    Move  class  to  shop. 


r 
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OUTLINE  OF  IHSTRUCTION 
III.  Application. 

A#    Each  component  of  the  power  train  was 
serviced  at  time  coverage  was  given  in 
the  lesson. 


\ 


INSTRUCTOR  ACTIVITY 


III. A.    Direct,  supervise  and 
evaluate  student  performance 
in  servicing  final  drive.  . 


CM  "A"  IG  ^.1.2 
STUDENT  ACTIVITY 


w 


IV.  .Sumnary. 

A.    Clutch  assembly. 


III. A.    Service  final  . 
drive  in  accordance 
with  manufacturer's 
specifications  as  spec- 
ified in  the  job  sheet 
CM  "A"  JS  3.1.1.1, 
without  deviation. 


B.    Gears  and  gear  trains. 
C  •    Transmissions  • 

D.  Transfer  cases. 

E.  Power  take-off  units. 

F.  Drivie  lines. 

G.  Rear  axles  and  differentials. 
V.  Test: 

<A.    A,  written'  test  will  be  given  at  the 
end  of  this  unit.; 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  33043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 


Classification:    Unclassified  $ 
Topic:    Brake  System  Service 

Average  Tine:    7  Periods  (Class),  20  Periods  (Pract) 


^terminal  Objective:    Upon  completion  of  this  unit  each 
student,  while  working  as  a  member  of  a  two  (2)  nan 
team,  Will  be  able  to  service  automotive  chassis 
and  power  train  component 8  using  appropriate  handtools., 


Instructional  Material: 
A*  Texts: 

*    1.    Automotive*  Mechanics,  6th'  edition,  McGraw- 
'Hill  Book  Co.,  pages  506-521. 

2S  Fluid  Power,  NAVPERS  16193B,  pages  37-119. < 

3.    TM9-8000,  chapter  21. 

B.  References:  Hone. 

C.  Tools,  Equipment  and  Materials: 

1.    Tools.  * 

a*    Automotive  shop  handtools. 

b.    Shop  equipment* 
2*  Equipment: 

a.  Major. 

(1)    M715  1  1/4  Ton  Cargo  Truck 
.    (12  ea,). 


special  tools,  shop  equipment  and  materials.  Specifi- 
cally, he  will  service  suspension  system,  power  train 
and  brake  system  of  the  M715  1  1/4  ton  Cargo  Trjack. 
All  tasks  will  conform  to  manufacturer's  specifications 
-without  error,  as  outlined  in  the  Job  Sheet, 
CM  "A"  JS  3.1.1.1,  "Servicing  the  Power  Train  of  the 
M715  1  1/4  Ton  Cargo  truck". 

Enabling  Objectives:    Upon  completion  of*  this  topic  each 
student  will  be  able  to  service  hydraulic  brake  system, 
while  working  as  a  member  of  a  two  (2)  man  team. 
Using  appropriate  handtools,  special  tools,  materials 
and  shop  equipment,  he  will  replace  worn  hydraulic 
system  parts  and  bleed  and  adjust  the  system  of  the  M715 
1  1/4  ton  cargo  truck.    All  performance  will  conform  to 
manufacturer's  specifications  without  deviation  as  m 
specified  in  the  Job  Sheet  CM  "A"  JS  3.1.1.1,,  "Servicing 
the  Power  Train  of  the  M715  1  1/4  Ton  Cargo  Truck". 

Criterion  Test:    Disassembly,  inspect ,  replace  worn 
parts;  assemble  and  bleed  a  master  cylinder  ^adjust 
parking  and  service  brakes.    All  performance  will 
conform  to  procedures  outlined  in  job  sheet  without 
deviation. 
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(2)    5  Ton  6  x  6  Truck  (2  each) 
3.    Haterials  (consumable). 

a.  Cleaning  solvent. 

b.  Brake  fluid. 


 c: — Wiping  rag*.  ;  

d.    Brake  system  parts  kits. 
D.    Training  Aids  and  Devices: 
1.    Films  (Navy). 

a.  MN1730A,  "Elementary  Hydraulics,  Part 

"  \  ■  i,  Derivation  of  Pascal's  Law11  (16  min.). 

b.  MN1730C,  "Elementary  Hydraulics,  Part 

-I,  Application  of  Pascal's  Law"  (12  min.). 

c.  MN1730E,  Elementary  Hydraulics,  Liquids 
in  Motion"  (13  min.). 

d.  OPE-010,  "Operation  and  Maintenance, 
Part  I,  Bendi*-Westinghouse  Air  Brakes11 
(Cololr,  24  min.) . 

e.  OE-483,  'Hydraulic  Brake  Systems11. 
*'     2.    Locally  Prepared  Materials: 


Homework:  Read:   

1.  Automotive  Mechanics,  6th  edition,  McGraw-Hill 
pages  506-521. 

2.  Fluid  Power,  NAVPERS  16193B,  pages  37-119. 

3.  TM9-8OO0,  Principles  of  Automotive  Vehicles, 
chapter  2K  3  :  


a.    Job  Sheet 
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(if  CM  "A"  JS  3.1.1.1,  "Servicing  the 
Power  Train  of  the  M715  1  1/4  Ton 
Cargo  Truck". 
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b.    Problem  sheet. 

 ~ — ^(iJ^^^A^TSTTT. 3r£^^rsk&  Service11. 

3.  Devices. 

a.    Air  brake  system  (mounted  on  board) 
(mock  up) . 

TV**T^Tiy  Aids  Equipment:  


1.    16m  sound  movie  projector. 


OUTLINE  OF  INSTRUCTION 

I.    Introduction  to  the  lesson. 


INSTRUCTOR  ACTIVITY 


.  CM  MAM  IG  —  1.3 
STUDENT  ACTIVITY 


A.  Establish  contact. 
1/    Name:  4 

2.    Topic:    Brake  System  Service 

B.  Establish  readiness. 


I. A.    Introduce  self  and  topic, 


I.B.    Motivate  student. 


1 .    Purpose . 
'       2.  Assignment. 

C.  Establish  effect. 
1.  Value. 

a.    Pass  course.  ^ 
*  ^b.    Perform. better  on  the  job. 

c.  Get  advanced. 

d.  Be  a  better  Construction  Mechanic. 

D.  Overview: 

-*       '  * 

1.    The  theory  of  hydraulics  as^used 
in  simple  hydraulic  systems  is 
essential  in  understanding  the  ^ 
functiqn,  construction,  and  service 
of  hydraulic  and  air  brakes.  Jn 
this  topic  we  will  deal  with  basic 
hydraulics  and  brake  ^rvice . 


24i 


I.C.  Bring  out  need  and  value 
of  material  being  presented* 


I.D.    State  learn^g^ objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student. 
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II.    Presentation .  ^ 
<o  A.    Theory  of  hydraulics. 
1.    Physics  of  fluids. 


CM  "A11  *I6  3.1.3 

TMRTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


a.    Substance  which  changes  shape 

easily,  takes  shape  of  container. 


b.  Transmits  pressure 

c.  Slightly  compressible. 

2.  Transmission  of  forces  through  fluids. 

a.  Hydraulics. 

(1)    The  use  of  liquids  under  con- 
trolled pressure  to  do  work. 

b.  Pascal's  Law. 

(1)  Pressure  exerted  on  a  confined 

v        liquid  is  transmitted  undimin- 
ished in  all  directions,  and 
acts  with  equal  force  on  all 
equal  areas. 

(2)  Shape  of  container  in  no  way  .  ^ 
alters  pressure  relations. 

3.  Pressure  with  force.  > 

a.  Force  is ^|he  exertion  of  energy.  s 

b.  Pressure  is  the  amount  of  force  244 
.  exerted  on  a  unit  area. 
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OUTLIHK.  OF  DiSTKBCTION 


IMSTRUCTOR  ACTIVITY 


(1)  Measured  in  Pounds  per  Square 
Inch  (PSI). 

(2)  Force  -  pressure  x  area.  ^ 

4.    Compressibility  and  expansion  of 
liquids. 
* 

a.    Liquids  are  incompressible. 


,  CM  "A"  IG  ^.1.3 
I    STUDEMT  ACTIVITY 


y> 


0 


b.    Alf  liquids  do  not  expand  the  same 
amount  when  .heated. 

5.  Volume.  m  9 

a.  Quantity  of  c£L  supplied. 

(1)    Measured  in  gallons  per  minute 
(GPM) . 

b.  A Displacement  of  a  unit. 

(1)    Cubic  inch  displacement . 

6.  Temperature. 

a.    Dominant  factor  effecting  physical 
prbperties  of  fluids. 

(1)    High  temperature, .less  resis- 
tance to*  flow. 

7.  Classes  of  contamination, 
a.  Abrasives: 


> 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  16  ; .1,3 
STUDENT  ACTIVITY 
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(1)  Sand. 

(2f  Weld  spatter, 

(3)  Machining  chips. 

(4)  Rust. 

(5)  Dirt.  \ 
b.  Non*-abrasive:. 

(1)  Oil  oxidation.  " 

(2)  Seals. 

(3)  Organic  mate/ial. 
Contamination  control. 

a.  , Filters  -  control  contamination 
jduring  normal  operation  of  hydraulic 
systems.,  y 

b.  Prpper  servicia^ 

XI)    Maintain  tools  and  work,  area 

in  clean, dirt  free  condition.  t 

(2)  Container  should  be  used  to 
*  catch  spilled  fluid. 

(3)  Clean^area  before  disconnecting 
,  lines. 

(4)  Plug  or  cap  lines  immediately 
'after  disconnect. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3U.3 
STUDENT  ACTIVITY 


(41 
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(5)  Wash  all  parts  pi  approved 
cleaning  solvent. 

(6)  Dry  and  lubricate  parts 
before  assembly. 

(7)  Replace  all  seals  and  gaskets. 

(8)  Connect  all  parts  with  care. 

(9)  Servicing  equipment  should  be 
kept  clean. 

9.    Types  of  hydraulic  fluids: 

a.  SAB  Type  A. 

(1)    Low  viscosity  rating. 

' (2)    Used  mostly  on  automatic 
transmissions. 

>• 

b.  SAE  Type  C. 

(1)  Used  on  heavy  duty  transmissions. 

(2)  Used  on  equipment  hydraulic  " 
control  units. 

c.  SAE  10  W. 

(1)    May  be  used  in  place  of  SAE 
Type  C  fluid. 

10.    Simple  hydraulic  systems: 

a.    Hydraulic  jack. 


II.A.10.    Take  class  to  hydrau-  II.A.10    Note  components 

lie  lab,  and  construct  simple  making  up  simple  hydraulic 

hydraulic  system  using  system, 
hydraulic  training  board.. 
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ggnffl  g  asggcnog  -   imstbicto,  aimt      .        «y  im«m 


b. 

Hy4rauxic  xixt. 

c. 

Hydraulic  brakes. 

d. 

Hand  water  pump. 

e. 

Door  stop.*" 

*  f  • 

Shock  absorbers. 

B.    Construction  and  operating  principles  of        fc  m 

fluid  power  components •       p  J 

1.  Reservoirs  -  non-pressurized  and  vented, 
to  the  atomsphere  to  prevent  a  vacuum 
from  being  formed  as  the  liquid  level 
lower 8. 

a.  Separation  of  air  from  system.  * 

b.  Large  enough  to  store  more  than  the 
anticipated  vplume  of  fluid  that 

+  the  system  will  tequire.  < 

*  * 

2.  Strainers, 

a.  Device  used  to  remove  large  particles 
of  foreign  matter  from  hydraulic 

•  liquids'. 

b.  Must  be  removed  frequently  for 
cleaning. 

3.  Filters  -  most  common  device  in  hydraulic  ,  Vs 
systems  to  prevent  foreign  particles  and  0<} 
contaminating  substances  from  remaining  4  £>o& 
in  the  system. 
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ttUTLDTC  QF  IMSTKPCTIOH  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

4.  Plumbing  and  hoses. 

a.  Circulatory  system  of  fluid  power 
systems. 

(1)  Pipes  -  classified  as  rigid. 

(2)  Tubing  -  classlf ied  .as  semirigid. 

(3)  Hoses  -  classified  as  flexible. 

b.  Flexible  hose  -  used  in  locations 
subjected  to  severe  vibration. 

c.  Types  of  connectors. 

(1)  Threaded  -  low  pressure  fluid 
system* 

(2)  Flanged  -  suitable  for  most 
pressures  now  in  use. 

(3)  Flared  connectors. 

*  • 

(a)    Used  in  systems  that  consist 
of  tubing. 

(4)  Bite  type  connectors. 

(a)    Eliminates  tube  flaring 
yet  provides  strong  tube 
connection.  J 

5.  Accumulators  -  hold  a  volume  of  liquid 

under  pressure  for  conversion  into  O^d 
useful  work.       *  ^ 
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(XJTLIME  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

a.  Air  -  operated.  ^ 
(1)    Separator  type. 

(a)  Bladder  or  bag, 

(b)  Diaphragm  -  similar  to 

bladder,  - 

b .  Applications •  > 

(1)    Brake  bleeder  tank*  t 
6,    Pump  -  heart  of  hydraulic  system,  f 

a.  Device  for  converting  mechanical  - 
energy  into  hydraulic  energy,  • 

b,  Types  of  positive  displacement 
pumps • 

(1)  Rotary, 

(a)  Gear,  '  ^ 

(b)  Lobe, 

(c)  Vane, 

1.    Pressure  control  measurement, 

a.    Pressure  gauge,  '  ^ 

(1)    Indicates  pressure  in  system  in  ♦  2ot) 

pounds  per  square  inch. 


erJc  •  ?5° 
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OUTLINE  OF  INSTRUCTION 

8.    Directional  control  valves* 

a.  Poppet. 

b.  Rotary  spool. 

(1)    Host  frequently  usfed  as  pilot 
valves • 

c.  Sliding  spool.  ^ 

(1)  Two  way. 

(2)  Three  way. 

(a)    Operating  a  unit  in  one 
direction. 


(3)    Four  way. 


ERLC 
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(a)  Used  to  control  cylinders, 
motors  or  other  valves. 

(b)  Has  four  ports. 

9.    Actuators.  s 

a.    Cylinders  -  device  which  converts 
fluid  power .  to  linear  motion. 

(1)    Ram  type. 

(a)  Single-acting  -  applies 
force  in  one  direction. 

(b)  Double-acting  -  both 
strokes  of  ram  produced 
by  pressurized  fluid. 


INSTRUCTOR  ACTIVITY 

II.B.8.    Display  various  type 
control  valves  and  explain 
basic  function. 


CM  "A"  IG  j.1.3 
STUDENT  ACTIVITY 


II. B. 9.  Display  actuators  on 
hydraulic  test  bench. 
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OBTLPre  OF  INSTRUCTION 

(2)  Telescoping  type, 

(a)    Series  of  rams  in  one 
assembly. 

(3)  Piston  type. 

* 

(a)  Single-acting  -  apply 
force  in  both  directions. 

(b)  Bouble-acting  -  fluid 
appllfed  to  either  side  of 
piston  to  provide  move- 
ment. 

C,    Hydraulic  brake  system;  function,  cohetruc- 
tion,  operation,  repair  and  Adjustment. 

1.    Master  cylinder,  single  system. 

a.    Function  -  converts  mechanical      *  ' 
force  into  hydraulic  pressure. 

j     *         b .    Construction . 

(1)  Reservoir. 

(a)  Commonly  mounted  on 
cylinder. 

(b)  Holds  reserve  fluid. 

(c)  Supplies  fluid  to  cylinder 
by  gravity. 


INSTRUCTOR  ACTIVITY 
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STUDENT  ACTIVITY 


i4:, 


11%!;  Display  various  t^pes 
of  master  cylinders. 

II.C.l.    Pass  out  master 
cylinders  for  students. 


9 
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(2)  Cylinder. 


4 


II.C.l.    Examine  cylinders 
and -pass  on  to  other 
class  members. 
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•    •                            INSTRUCTOR  ACTIVITY                        STUDENT  ACTIVITY 
OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ALiXViix  ^  

(a)  Smooth  polished  bore. 

(b)  Holds  movable  parts  for 
applying  hydraulic  force. 

(3)    Filler  cap. 

(a)  Cover  for  reservoir. 

(b)  Provide  opening  for  servicing. 

(c)  Provide  vent  for  reservoir.  ■  .«  , 
^)    Boot.                                               ^  1 

N (a)    Made  of  rubber.  * 

(b)  Covers  end  of  cylinder  where  ^ 
piston  rod  enters. 

(c)  Keeps  out  dirtl 

|  4  (d)    Is  vented.  , 

<  .  (5)    Piston  rodf .  .  y  .     ,  •         j  <  #  ^ 

;  ;  (a)    Transmits  force  from  pedal  <      <  jT  fT^  'T  ^  ^ 

to  piston  assembly.  •*  ;  *  *  v  * 

(b)    Is  not  attached  to  piston  / 
'  assembly. 


i 
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(6)    Retainer  ring.  , 

✓      (a)    Holds  piston  stop  in 

.  cylinder.  .  , 
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ggpjg  g  T^STgllCTIQH  INSTRUCTOR  ACTIVITY    "  STUDENT  ACTIVITY 

(7)  Piston  stop,  * 

(a)    Stop  piston  assembly  on 
outward  travel, 

(8)  Piston  assembly. 

(a)  Changes  mechanical  force 
to  hydraulic  force, 

(b)  Supports  secondary  cup,  ■ 
which  prevents  leakage. 

(9)  Primary  cup. 

(a)    Seals  pressure  and  fluid 

in  cylinder.  ^  ^ 

(10)  Spring. 

,  *  »  «-  4 

(a)    Holds  primary  cup  against 
piston  assembly. 

'  ''(b)    Returns  check  valve  to  its 

seat.  * 

(c)  Returns  check  to  sfeat  when  < 
<,    ~~        4fc    -    -~    1    brake  line  pressure^drops   _  %  ^ 

to  10  PSI.  "  . 

•    (11)    Check  valve  and  seat. 


w  "  ■*        *  • 


(a)  Vtombination  inlet  and  outlet  9CJ 
valve.  *  4  ~^D4: 


(b)    Held  in  place  by  piston 
2£j      "  retupi  spring.  f 
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(c)  Located  In  bottom  of 
cylinder . 

<? 

(d)  Maintains  10  PSI  on  brake 
lines. 

1.  Prevents  wheel  cups 
from  leaking, 

<• 

2.  Keeps  out  atmospheric 
pressure. 

(12)  Intake  port. 

(a)    Permit  fluid  to  enter 

around  cutaway  section  of 
piston  assembly* 

(13)  By-pass 'port  or  compensating 

port.  *  . 

(a)    Relieve  pressure  in  cylinder 

to  release.  '  *  « 

*  *v  *»  « . - 
<* 

c.    Opeartion  in  applying  brakes.  ' 

(1)  Press  on  foot  pedal. 

(2)  *  Apply  force  to  piston  in 

master  cylinder. 

(3)  Primary  cup  closes  off  by-pass 
port. 


(a)    Pressure  build-up  in 

master  cylinder.  „  £Db 
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OUTLINE  OF  IMSIRDCriOH  ^  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(4)  Check  valVe  moves  away  from 
seat. 

(5)  Pressure  exerted  through 
brake  lines. 

^(6)    Pressure  acts  on  wheel  cylinder 
pistons. 

(7)  .    Piston  moves  out  pushing  brake 
shoe  against  ^ralce  drum. 

(8)  Varying  foot  pressure  varies 
braking  pressure. 

d.    Operation  In  releasing  brakes. 

(1)    Release  foot  p,edal. 

X2)    Master  cylinder  spring  pushes 
piston  and  cup  past  the  by- 
pass port. 

(3)  Spring  returns  piston  rapidly. 

(a)    Partial  vacuum  created 
*     ^    :      \       in  cylinder .        -  ~  - 

1.  Before  brake, spring 
forces  fluid  fromr  , 
wheel  cylinder. 

(4)  Edge  of  primary  cup  collapses   .  i 

(a)    Fluid  over  edge  of  cup  to 
fill  low  pressure  area. 
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OUTLINE  Of  INSTRUCTION 


(5)    Fluid  returns  from  wheel 
cylinder  to  reservoir. 

(a)    Through  by-pass  port. 
2.    Dual  master  cylinder. 

a.    Same  function  and  basic  construction 
as  the  single  master  cylinder  with 
the  following  exceptions: 

(1)  Reservoir. 

(a)    Primary  and  secondary 
resevoirs • 


(2)  Cylinder • 

(a)    Two  cylinders,  combined 
in  a  single  dual  cylinder 
body. 

(3)  Piston  assembly, 
(a)   'Primary  piston. 

1,  Install^anSTthe 
cylinder  toward  the 
rear  0f  the  master 

-cylinder.  ^  v  ^ 

2 ,  "*  Held  away  from  the 
'  secondary  piston  by  the  . 

primary  piston  return 
spring. 

3,  Supplies  hydraulic  force 
for  the  front  brakes. 


INSTRUCTOR  ACTIVITY 

II.C.l.d.(5)    Take  class  to 
shop  and  trace  hydraulic  brake 
system  bn  typical  vehicle. 


CM  "A11  IG  3.1.3 
STUDENT  ACTIVITY 
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OUTLINE  OP  INSTRUCTION 


(b) 


if -3 


INSTRUCTOR  ACTIVITY 
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STUDENT  ACTIVITY 


4. 


5. 


Has  a  primary  and 

secondary  cup  attached, 


Piston  rod  acts 
directly  on  the  primary 
pis  ton . 

Secondary  piston* 

1.  Installed  in  the  cylinder 
toward  the  front  of 

the  master-  cylinder. 

2.  -Held  away  from  the  end 
of  the  cylinder  by  the 
secondary  piston 
return  spring. 


3,    Has  two  secondary  cups 
and  one  primary  cup 
9  attached. 


27 1 
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(c)  Outlets. 

1,    Has  two  outlets  for 

transferring  fluid 
v       to  the  wheels. 

<  »  ^ 

.  Two  DUCK  BILL  check  f 

valves  for  drum  brakes i 

"      'irWtooi  Bt£L  check  < 
valve  for  disc  brakes. 

NOTE:    IF  A  DUAL.  MASTER  CYLINDER  IS  * 
USED,  A  NEW  SAFETY  (WARNING)  DEVICE 
HAS  BEEN  INSTALLED  TO  LET  THE  OPER- 
KNOW  IF  HE  HAS  LOST  BRAKING  PRESSURE 
IN  ONE  OF  THE  TWO  SYSTEMS. 
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OUTLINE  Of  IMSTRUCTIQN  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

/ 

(d)    Pressure  differential  , 

valve  and  switch.  ^  .  A 

1,  Function  -  warns  the 
^  operator  in  case  of 

failure  of  one  brake 

system.  A  *  t 

2.  Operation . 

a.  Electrical  warning 
switch  detent  pinf      ,  .  ' 
rides  in  cutaway 
portion  <of  movable 
piston. K 

b.  Pressure  equal  on 
both  sides  of  • 
pis ton f  the  switch  » 

is, not  activated.  4 

a.    Pressure  loss  on 

one  side  of  the  N 
piston,  the  piston 
will  move  the  side 

of  the  least  pr^s-  \ 
sure,  activating 

the  switch.  ^ 

3.    Wheel  cylinder.  '  II. C. 3.    Pass  out  to  class  wheel  II. C. 3.  *  Examine  wheel 

cylinders.       •  cylinders  and  pass  on 

*r  Function.  "  '* '        *"*        "*  '  ^         '    '      ^ to  classmate.  -    ~  ~*      -V  * 

» 

(1)    Converts  hydraulic  pressure  <~ 

to  mechanical  force.  k  K 

-  \ 
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OUTLIKE  Of  mSTWICTION  .'  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

/ 

i 

b»  Construction. 

-     .      1  *-U)    3oota.~        ^  .  ^ 

(a)    Cover  ends  of  wheel  cylinders. 

*'       (b)    Keep  dust  out  of  wheel 
,   s  ^       cylinder *  *  ' 

(2)  "Pistons r 

(a)    Change  hydraulic  pressure 
to  mechanical  force.. 

(3)  Cups.  •  . 

*  >  * 

(a)    Seals  the  cylinder.  K 

(4)  Spring.  ^ 

r 

(a)  Push  cups  against  pistons. 

(b)  '  Keep  cut  in  upright  # 
position.  •  -  . 

(5)  Cylinder  v  '  m 
;        (a)    Eni&osed  chamber  .t 

(b)  Holds  piston,  spring  and 
ciip . 

(c)  provide  smooth  surface  for 
piston  cup  to  lftove  in. 

(6)  Bleeder  valve.     ^  ' 

,  •     .  (21  of  45)  t 
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(a)    Permit  getting  air  qut 
of  system. 

(7)  •  Wheel  cylinders  may  have 

single,  double  or  step  pistons 
and  cups. 


Backing  plate, 
au  Functions. 

(1)  Basev  for  brake  shoes  and  , 
wheel  cylinders. 

(2)  Holds  anchor  boltd. 

(a)    Pivot  point  for  brake 
,    -  shoe. 

Brake  shoes  and  linings. 

a.    Functions  of  brake  ^shoes. 

'  (1)    Base  for  lining. 

(2)  Transmits  force  from  wheel 
cylinder  to  drum. 

(3)  May  be  self  energized. 

♦  » 
(a)    The  placing  of  the  shoes 
in  such  a  position  that 
.the  drum  tends  to  drag 
the  lining  along  wfth  it. 
The  result  is  wedging  . 
action  between  the 
k  '  anchor  and  drum. 


INSTRUCTOR  ACTIVITY 


CM  "A" 
STUDENT 


ACTIVITY 


II. C. 4.  Display  back-plate, 
brake  shoes  and  lining.  * 


'I 
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QUTUHE  OF  INSTRUCTION 


b.    Construq^tioa  of  brake  shoes. 
^  (1)    Formed  to  fit  arc  of  drum. 

(2)  Internal  expanding. 

(3)  Primary  or  forward  shoe. 

(a)    First  shoe  ia  forward 
direction  of  rotation. 
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(b)    Brakes  using  adjusting 
linkage  between  shoes. 

1.    Self  energizing. 

(4)  Secondary  or  reverse  shoe. 

(a)  Second  shoe  in  reverse 
direction  of  rotation. 

(b)  Brakes  using  anchor  pins 
between  shoes. 

4 

1.    De-energizing  in, 
forward  rotation. 

^        2^    Self  energizing  in 
reverse  rotation. 

(5)  Function  qf  lining. 

(a)  Provides  a  friction 
surface  for  the  drum. 

(b)  Hay  be  bound  or  rivited' 
to  shoe. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  ".1.3 
STUDENT  ACTIVITY 


28u 


(23  of  45) 


CM  "A"  t<^-.1.3 


ERJC 


28  i  *  (24  of  45) 


OUTLIMK  OF  INSTRUCTION     •  INSTRUCTOR  ACTIVITY,  STUDENT  ACTIVITY 

6:    Brake  drums.  > 

"  '"a*    Function.  ^  "  ~**       '  _ 

^         (1)    Provides  friction  sutface  for 
lining. 

b*    Construction.  , 

 (1)    Drums *may  be  cast  iron,  steel 

or  aluminum. 

'  '  r    ■  \ 

(2)    Steel  or  aluminum  drum  use 

cast  iron  insert  for  friction 
surface v 

4  (3)    Cast  iron  provides  a  good 

friction  surface  and  dissipates  f 
heatT  evenly  and  fast. 

7.  Fluid  line-.  -  c 

a*    Transmits  fluid  and  pressure  from 
master\cylinder  to  wheel  cylinders. 

(1)    Steel  lines  and  flexible  hoses. 

8,  Repair  (drum  Brakes) . 
a*    Master  cylinder  and  wheel  cylinder. 

..    . '     V  *  •  * 

**  (1)    Replacing  complete  unit. 

(a)   'Adjust  push  rod  pedal 

liikage  to  master  cylinder. 


c 
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outlimk  or  uktbjjgiiqn  *    instructor  activity  student  activity 

1/32"  to  1/16"  clear-  ; 
-  -  -      ~  ance  between  -pushrod     *  ^  ^  *  „  ,  „.  c 

and  master  cylinder 
piston. 

2.    Check  at  pedal  1/4" 

4      to  3/4"  free  travel.  * 
(b)    Fill  master  cylinder. 

1.  Leave  1/4"  'space  at  ^ 
the  top  of  reservoir. 

2.  Use  clean  brake  fluid. 
*    (c)    Bleed  air  from  system. 

,      (2)    Repairing  with  kit.  *  * 

(a)  Remove  faulty  unit,  wheel 
cylinder  can  be  repaired 
without  removing. 

(b)  Disassemble  unit  and  clean 

parts  to  be  re-used.  t  ^ 

% 

-(c)    Inspect  cylinder  bore., 

1.)  If  pitted  or  rusty,  ^  ' 

can  be  honed  a  maximum 
of  .005. 


3 


(d)    Dip  all  parts*  in  clean 
^  brake  fluid  and  assemble 
unit  • 


284 
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OUTLINE  OF  INSTRUCTION  .  INSTRUCTOR  ACTIVITY 

[ 

(e)    Install  unit  on  vehicle. 


(f)    Adjust  "linkage  if  master 
cylinder  was  removed* 


(g)  Fill  master  cylinder.  ^ 

(h)  Bleed  air  from  system. 
— \y.—  Brake-*hoes  and  -lining -.  - 

(1)  Replace. 

V  (a)    Check  correct  position  of 

shoes  when  installing. 

-  -  -  — 

c.    Brake  drums, 
(1)  Replace. 
9.  Adjustment. 

NOTE:    THERE  ARE  MANY  TYPES  OF  HYDRAULIC 

BRAKES.    THEY  ALL  HAVE  BASICALLY  THE  SAME  A 

PARTS.    THE  BIG  DIFFERENCES  ARE  THE  MANNER  £^ 

IN  WHICH  THE  WHEEL  CYLINDER  ACTS  ON  THE  .  " 

SHOES  AND  THE  WAY  THE  ANCHORS  ARE  ARRANGED . 

MANY  TYPES  OF  WHEEL  CYLINDERS  ARE  IN"  USE: 

(1)  SINGLE  CYLINDER,  DOUBLE  PISTON; 

(2)  SINGLE  CYLINDER,  SINGLE  PISTON.  THERE 
MAY  BE  ONE  OR  MORE  WHEEL' CYLINDERS  USED 

IN  EACH  WHEEL.    ANCHORS  MAY  BE  FIXED  OR  . 
ADJUSTABLE ,~MAY  BE  SINGLE  OR  DOUBLE.  METHOD 
OF  ADJUSTMENT  WU.L  VARY  DEPENDING  ON  THE  . 
MAKE  OF  THE' VEHICLE,  THERE  MAY  BE  ONLY  ONE- 
(1)  OR  TWO  (2)  ADJUSTMENTS. 
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OUTLINE  OF  IHSTRUCTIOH  /  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

a*    Minor  (ad justmefit. 

(1)  Compensates  for  lining  wear. 

(2)  Methods  of  adjustment, 

<? 

(a)    Star-wheel  adjuster 

between  Heel  of  shoes.  > 


9 
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b.    Major  adjustment. 

(1)    Changes  friction  surface 
contact. 


x 


(2)    Minor  adjustment.  ^Ok/ 


(a)    Adjust  eccentric  anchor  at 
top  end  of  shoes. 

(3)  Major  adjustment.  ^ 

3r  (a)    Adjust  anchor  at  heel  end 

of  shoes. 

(4)  Major  adjustment  is  required: 
(a)    When  fitting  new  shoes. 

•         (b)    When  anchor  pins  are  looser 


When, minor  adjustment  fails 
to  give  satisfactory  results. 


287 


c.    Bleeding  hydraulic  brake  system. 

NOTE:    BRAKES  MUST  BE  PROPERLY  ADJUSTED.  ' 

i 
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OUTLINE  OF  USTRPCTIOH 


<1)    Keep  master  cylinder  full  of 

flllfd.  r 

(2)  Build  up  pressure  with  foot 
pedal  or  by  using  brake  bleeder 
tank.. 

(3)  ->  Maintain  pressure  on  foot  pedal. 

(4)  Open  bleeder  screw  at  wheel  * 
blinder. 

(a)    Start  at  wheel  farthest 
t  from* master  cylinder. 

(5)  Let  fluid  and  air  drain  from 
bleeder  screw. 

- (a)    Keep  pressure  on  brake 

pedal  until  bleeder  screw 
is  lightened. * 

(6)  'Keep  repeating* bleeding  process. 

(a)    Until  only  clean  fluid  comeT 
out  of  bleeder  screw,  V" 

(7)  Move  to  next  wheel. 

(a)    Farthest  from  master  cylinder., 
*         (bj    Repeat  bleeding  process. 


INSTRUCTOR  ACTIVITY 
ft 


10.  Maintenance. 

r 

a.    During  rainy  season  with  mud 
conditions.  , 


II  .CIO.    Take  class  to  shop 
an£  using  student  assistants 
demonstrate  minor  and  major 
brake  adjustments  apd  bleeding 
procedures. 
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II.C.10.,  Observe  and 
participate  in  brake  • 
service  demonstration. 
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INSTRUCTOR  ACTIVITY 


(1)  Wash  under  vehicle*  with  high 
pressure  water  gpray. 

(2)  '  Remove  brake  backing  plate  ^when 

practicable.  ' 

Use  lubriplate  type  of  lubricant 
(high  temperature,  water  resistant 
grease) • * 


(1)  Brake  springs. 

(2)  Brake  eccentric  anchor  pins. 

(3)  Brake  pivot  points.  . 
c.    During  freezing  weather. 

(1)  Keep  drums  and  'backing  plates 
clean. 

>  »  \ 

(2)  Do  not  use  old  brake  fluid, 
. moisture  will  freeze. 

Caliper  disc  .brakes. 

a.    Generally  two  types.  ' 

(1)    Fixed  caliper  ancf  floating 
caliper. 

(a)    Fixed  caliper  brakes  are 
rigidly  attached  to  the 
steering  krfuckle,  two  or 
four  pistons  are  used. 


fl.C.lO.c. (2)    Introduce  and 
show  .movie  OE-483,  "Hydraulic 
Brake  Systems".  ' 

* 

Review  high  points  of  film.  T 


CM  "A"  IG  3.1.3.  . 
STUDENT  ACTIVITY 


V 


II.C?10.c.(2)'  View  film 
and  take  notes. 


Participate  in  discussion. 
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INSTRUCTOR  ACTIVITY 
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STUDENT  ACTIVITY 


■ (b)    Floating  caliper  brakes 
are  free  to  move  on  a 
bracket  which  is  attached 
to  the  steering  knuckle, 
usually  only  one  piston 
is  used.  ~* 

■» 

b.    Construction,  nomenclature  and  Il.C.ll.b.    Display  disc  brake 

operation.  caliper  assembly. 

(1)  'Caliper. 

(a)  Holds  a  piston  or  pistons 
that  moves  inside  a 
cylinder,  which  is  machined 
in  the  caliper  housing. 

(b)  May  be  one,  two,  or  fpur 
pistons  in  the  caliper. 

itc)    Two  and  four  piston  calipers 
ate  made  in" two  halves  and 
axe  joined  together  by  # 
bolts    that  bridge  the  rotor.  ' 

(d)  the v inner  and  outer  hous- 
ings are  hydrpulically  . 
connected  by  either  an 
external  tube  or  by  intern- 

'       ally  drilled  passages. 

(e)  A  square  lip  seal  is  jided 
to  prevent  leakage  of  fluid 
from  around  the  piston  and 
to  help  return  the  brake 
shoes  away  from  the  rotor. 
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(f)    A  dust  boot  is  Incorpor- 
ated to  seal  dust  from 
the  cylinder  bore. 

(2)  Rotor. 

(a)  Made  of  cast  iron. 

(b)  Either  of  solid  construction 
or  with  ventilating  slots 

for  cooling.  • 

(c)  Bolted  to  the  rotor  hub  * 
which  is  bearing  mounted 

on  the  spindle.'1*1 


(3)  Rotor  splash  shield. 

4 

(a)    Protects  the  inner  surface 
of  the  rotor. 

V, 

% 

1.    Wheel  protects  the  outer 
surface. 

(4)  Brake  shoes  and  lining. 

>p  (a)    Provides  the  friction 

-  surface  for  the  rotor.  ,  . 


/ 


1.  Lining. 

(b)    Usually  pre-cut  to^size 
according,  to  make  and 
model  of  automobile. 


/ 
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\  ~  (c)    Linings  are  of  the  molcj^d 

design. 


r 
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-ii    Dense,  hard,  compact 
material, 

2.  Low  friction  quality. 

3.  Dissipates  heat  easily. 

(5)  Shoe  retainer.  * 

(d?  Holds  shoe  in  plate  in 

the  qaliper.  -  > 

1.    May  be  a  retainer; 
plate,  pin,  clip  or 

pocket  ,method.  ^ 

(6)  Proportioning .valve. 

(a)    Balances  braking  pressure 
between  the  front  disc  and 
rear  drum  brakes. 

1,    Due  to  the  self -ener- 
gizing action  of  the  rear 
brakes. 

(7)  Metering  valve. 

(a)  1  Keeps  the  front  brakes 

from  acting  at  low  braking 
pressures. 

1  " 

l],    120  PSI  and  below. 
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-  •    ^  ^    ^^^3  a  lower  pres-  ^ 

sure  In  ttje  front  brakes 

imtil  master  cylinder  • 

-  pressure  reaches  500  PSI. 
*  «  * 

*  1^   50b  PSI  and  above,  full 

braking  pressure.  + 

•  v.  . 

12.  Bleeding  disc  brakes.  r 

a*    Chrysler  and  Ford* recommends  ' 

pressure  bleeding  only/  ^ 

*  » 

b.  Always  bleed  longest  line  first. 

c.  Maintain  pressure  bleeder  at  10  r  • 
30  PSI. 

y        #  d.    Centering  pressure  differential  vaive. 

•  7 

^  (1)    Turn  on  ignition  switch. 

* 

(a)    Light  comes  on. 

1.    Apply  pressure  to 
J        *  system,  open  fitting 

-(    "  *  n  in  system  that  was  not 

bled,  or.fj^m  system 
you  bled,  firtft. 

.  N  2^   Hold  fitting  open  until 

•  x    '  light  goes  out. 

^  .      jL.   Fill  master  cylinder  to 
*  +*         1/4  -  1/2  inch  from  top. 

13.  Hydraulic  brake  system  troubles: 


* 
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Brake  pedal  .gdes  al£.  the  way  down  to  '  ^ ,  . 

to  floorboard.  -       (33  of  is)  -         '      •      "  ' 
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(1)  Abnormal  wear  on  linings • 

(2)  No  fluid  in  resei?voir. 

(3)  Leajcs  in  brake •  system  1  ^  ' 
V          ^(4)    Air  in  brake  system. 


(5)    Rubber -ctX^S^^naged  in  excessive 
heat. 


\ 

0 


(6)    Rubber  cups  damaged  by  mineral  , 
oil,  or  wrong  type  of  brake 
fluid.  ~     '     .  - 

b.    Brakes  drag  at  all  wheels.  ,  \  V 

a  '  **        •  \  N 


(1)  By-pass  port  in.  master 'cylinder  .  *  x 
blocked. 

(2)  Mineral  oil. in. brake  system. 

.    Brake  drags  on  one  wheel. )  *  .  * 

(1)  Brake "3|^oe8  too  colse  to  drum.      .  / 

(2)  Weak  or  broken  shoe  return      ,  , 

spring.  ^  ;  • 

(3)  Cylinder  cup  is -distorted.  i?>  ^ 

(4)  Brake  hose .restricted. 

(5^T  Drag  or  binding  in  .emergency 

brake  cable.  -  ^ 


(34  of  45) 


ERIC  "         i  .  , 


Q('|  ) 


PTOBPS  Of  IflgTOTOQH  INSTRUCTOR  ACTTVTTY  STUDENT  ACTIVITY 

d.    Spongy  pedal  action, 

(1)    Brake  shoes  Improperly  adjusted,  \^ 
^  (2)    Air  in  brake  system. 

(3)  New  linings  improperly  fitting 

j  brake  drums,  • 

(4)  Flexible  lines  expand  under  • 
pressure  due  to  deterioration. 

*f  e»    Excessive  pedal  pressure  necessary  •  *  ' 

to  stop  car,  / 

(1)  Brake  shoes  Improperly  adjusted, 

(2)  Fading  due  to- overheated  friction 
surfaces. 

4 

(3)  -  Lininfe  glazed. 

(4)  Lining  making  only  partial 
contact  with  drum. 

f .    Brake  action*  severe  with  only  light 
pedal  pressure. 

1  *  * 

-  (1)    Brake  shoes  improperly  adjusted.  ^ 

(2)  Loose  brake  backing  plate.  . 

(3)  Oil  or  fluid  on  linings. 

(4)  Linings  damaged  by  excessive 

heat.  f  * 
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(5)    Scored  brake  drums.  * 
s  g„    Master  cylinder  failures.  "  ' 

(1)  Check  valve  leaking, 

(a)    Open  bleeder  valve. 

r  1.    Fluid  should  spurt 
out. 

(2)  Piston  rod  too  long. 

(3)  Piston  struck  in  cylinder, 
(a)    Brakes  will  lock, 

1.    Check  pedal  clearance. 

(4)  Clogged  vent, 
(a)    Brakes  will  drag. 

1»,   Clean  with  wire. 

(5)  Clogged  by-pass  port, 
(a)    Brakes  will  lock. 

1>    Check  with  wire. 
D.    Mechanical  packing  brakes. 
1*    Internal  expanding. 


a.  Located  in  the  rear  wheels  and  uses 
the  same  brake  shoes  as  the  service 
brakes . 
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(1)    Consists  of  a  lever  In  the 
brake  assembly  connected  to 
the  parking  brake  lever  by 
cables. 


(2)    One  cable  from  each  rear  wheel 
connects  to  a  parking  brake 
equalizer  and  one  cable  from 
there  to  brake  lever. 

b.  Adjustment. 

(1)    Remove  the  slack  or  sag  from  ' 
the  cables  by  tightening  the 
adjusting  device  generally 
located  near  the  equalizer. 

CAUTION  1 1    DO  NOT  OVER  TIGHTEN  1 !  1 

2.    Exteraal  contracting. 

a.  Located  on  the  propeller  shaft  behind 
the  transmission  or  transfer  case. 

(1)  Consists  of  drum  which  turns 
with  propeller  shaft. 

\  > 

(2)  Mounted  band  and  applying  lever. 

b.  Adjustment.  II.D.2.b.    Take  class  to  shop       II.D.2.b.    Observe  and 

and  demonstrate  parking  brake       participate  in  demon-  . 

(1)  Adjust  anchor  capscuew  to  adjustment  on  vehicle.  stration. 
obtain  proper  clearance 

between  drum  and  band  at 
anchor. 

(2)  Adjust  guide  bolt  to  obtain  ■  * 


0 1 1  y  proper  clearance  between  band 

'  t        and  drum  at  lower  half  of 


band. 
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(3)  Turn  adjusting  nut  to  obtain  1  « 
proper  clearance  between  band 
and  drum  at  upper  half  of 

drum* 

(4)  Adjust  cable  clevis  to  fit  cable 
'yoke.  t 

3.  Repair. 

■   a.    Repair  consists  of:  * 

(1)  Replacing  or- grinding  drums. 

t 

(2)  Replacing  or  relining  shoes  or 
bands. 

(3)  Replacing  linkage. 

(4)  Replacing  brake  return  springs.' 
E.    Air  brakes.  .  Q 

1,    Construction  and^  nomenclature  of  parts. 

a.  Air  compressor. 

(1)  Delivers  and  maintains  air  *  § 
pressure  in  the  reservoir  tanks.  v  ? 

(2)  Usually  driven  by  the  engine, 
may  be  either  belt  -or  gear 

driven.  * 

b.  Governor.      ^  ^ 

310 
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(1)  Automatically  controls  the  air 
pressure  being  maintained  in 
the  reservoir  tanks. 

► 

(2)  Normal  pressures.  -  ^ 
(a)    Minimum  -  80-85  PSI.  ^ 
(bX   Maximum  -  100-105  PSI . 

c.  Reservoir  tanks. 

(1)  Volume  supply  of  air. 

(2)  Means  of  trapping  water, 
(a)    Two  tanks ,  connected.  -  * 

(3)  Contains  drain  cocks. 

d.  Air  pressure  gauge.  % 

(1)    Shows  air  pressure  in  the 
reservoir  tanks. 

-  * 

e.  Low  air  pressure  switch  and  buzzer* 

(1)  Automatically  gives  warning  to 
«o  the  operator  that  air  pressure 

is  below  safe  operating  pressure. 

(2)  ,  Approximately  60  PSI. 

f .  Brake  application  valve.  1 

(1)    Provides  the,  driver,  with  an  • 

easily  operated  anc}  graduated  ,  " 

means  of  applying  or  releasing  3  1  <v 

,  the  vehicle  brakes. 

/  (39  of  45) 


•  CM  "A"  IG  3.1.3 

OUTLINE  Of  INSTRUCTION                  *                            ■  "      INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

g.    Quick  release  valve .                                          .     *  v                          \^  * 

(1)    Speeds  up  tfce  release  of  air 

pressure  from  the  brake  chambers •  *  ^  ~. 


h.  Relay  valve.  '  m 

(1)    Speeds .up  the  application  and 

release  of  the  rear  brakes  on  v 
long  wheel  1>ase  vehicles. 

i.  Trailer  haiidbrake  control  valve. 

v' 

(1)    Provides  a  meanfc  to  operate  the 
trailer  brakes  independently 
of  the  tractor. 

jfa  NOTE:    NOT  TO  BE  USED  FOR  PARKING! ! ! 

j.    Brake  chambers  and  ^otochambersj^  } 

(1)  ''Converts  compressed  air  pressure 
*     energy  into  mechanical  force 

*  movement  which  applies  the 

vehicle  brakes. 

(2)  One  chamber  for  each  wheel  * 
assembly. 

(3)  Contains  diaphragm, 

k.    Sla^adju^ters .  , 

(1)    Serves  as  a  lever  during  brake 
application 
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(2)    Provides  a  quick  and  easy 

method  of  making  a  minor  brake  ,  • 

ad  j  ustment  • 

2.  Repair  and  service. 

*  a.    Replacement  of  complete  assemblies.       .       /  t 

« - 

b.  Repair  of  the  various  valves  and 
assemblies. 

c.  Lubrication. 

(1)  When  valves  are  being  repaired, 
internal  operating  parts  and 
"0"  rings  are  lubricated. 

(a)    Some  oils  and  greases  are 

harmful  to  rubber  parts. 
\ 

(2)  Slack  adjusters  Are  lubricated 
»  on  the  P.M.  schedule.  ^ 

3.  Adjustments, 
a.  /  Slack  adjusters . . 

(1)  4  Turn  adjiikting  nut  on  slack 
•  y  adjuster. 

(2)  Adjust*  brakes  {o  a  minimum 
travel  without  brakes  dragging.  ,  ' 


) 
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(3)    Maximum  travel  at  which  the 
brakes  must  be  readjusted 
depends  on  the  type  of  brake 
chamber. 


INSTRUCTOR  ACTIVITY 

II.E*3.a. (3)  Demonstrate 
operation  of  air  brake 
system  mock-up  pointing  out 
to  class  service  points. 

Introduce  and  show  film, 
"Operation  and  Maintenance, 


ERLC 


F.    Air  over  hydraulic  (Bendix-Air-Pac^. 

1.  Construction. 

a.    Air  system* 

(1)    Contains  In  most  cases  the 
following  parts: 

♦ 

(§l)    Air  compressor. 

(b)  Governor. 

(c)  Air  tanks  with  safety 
valve  and  drain  cocks. 

(d)  Air  pressure-gauge. 

(e)  Low  pressure  indicator 
and  warning  device . * 

(f)  Hand  control  valve. 

(g)  Stoplight  switch. 

317    .'■  .    ■  '  J—  


Part  I,  Bendix^Westinghouse 
Air  Brakes"  (coler,  24  min.). 

Review  high  points  of  movie. 

II .F.    Display  air-pac 
assembly. 


€M  "A11  IG  iA.3 
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II. E. 3. a. (3)  Observe 
demonstration  and  take 
notes.  ' 


View  film  angs take  notes. 


Participate  in  discussion. 
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(h)  Double  check  valve. 

(i)  Lines  and  hoses  for 
connecting  units. 

.  t        '  b.    Hydraulic  master  cylinder  and  wheel 
■   cylinders  are  standard  cylinders. 


INSTRUCTOR  ACTIVITY 
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(1)    Master  cylinder  supplies  fluid 
to  the  wheel  cylinder  and  the 
control  valve  of  th^air 
cylinder. 

c.    Hydraulic  slaVe  cylinder. 

(1)  Hydraulic  piston. 

(a)  Connected  to  power  piston 
by  push  rod  and  creates 
hydraulic  pressure  for 
brake  application. 

(b)  Contains  ball  check  valve  to 
allow  /fluid  to  pass  through 
to  wheel  cylinders  from 
master  cylinder. 

(c)  Closes  when  piston  is  ' 
•  moved  by  power  piston. 

(2)  Residual  check  valve. 

(a)    Maintains  pressure  in  lines 
and  -wheel  cylinders. 


d. 


Lubr 


ication. 
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(1)    Use  vacuum  cylinder  oil. 


INSTRUCTOR  ACTIVITY 


(2) 


Brakes  released. 


(3)    Check  specification  for  time. 


(4)  /  Remove  pipe  plug  in  end  of 
air  cylinder  and  inject  oil 
until  oil  just  begins  to  run 
out 

e.  Bleeding. 

/{I)    Bleed/scVew  at  control  valve 
I         firac  then  at  hydraulic  cylinder, 

(2)    Bleed  rest  of  vehicle  in 
normal  procedure.  f< 


III.  Application. 

A.    Knowledge  gained  by  the  students  in  this 
topic  will  be  applied  throughout  the 
j  automotive  chassis  and  power  train  service 

phase  of  the  course. 

✓ 

IV .  Summary . 

A.  Theory  of  hydraulics; 

B.  Construction  and  operating  principles  of 
fluid  p£wer  components. 

C.  Hydraulic  brake  system;  function,  construction, 
operation,  repair  and  adjustment. 


Ill  .A.    Direct,  supervise  and 
evaluate  student  performance 
in  servicing  hydraulic  brake 
system. 


CM  "A"  IG  J. 1.3 
STUDENT  ACTIVITY 


III  .A.    While  working 
as  a  member  of  a  two  (2) 
man  team,  service  hydraulic 
brake  system. 


OUTLINE  OF  INSTRUCTION 

D.  Mechanical  parking -brakes . 

E.  Air,  brakes. 

F.  Air  over  hydraulic  ( fiend ix  Air-Pac). 

V.  Teat: 

A.    Test  items  from  this  topic  will  appear  in 
*   end  of  unit  test. 

VI.  Assignment*  v 

A.    Read:  .  \ 

1.    Construction  Mechanics  3  &  2,  NAVPERS 
10644  Series,  Chapters  4  and  15. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG 
STUDENT  ACTIVITY 


V.  Instructor  pick-up  TM9-8000  V,  Turn  in  TM9-8000 
manuals •  manuals • 


VI .A.  Write  assignment  on- 
chalkboard.  ' 


VI. A.  Copy  and  carry 
out  assignment. 


ERIC 


-323 


(45  of  45) 


CM  "A"  IG  3.1.4 


I  to 


NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,'  CALIFORNIA  93043 
CONSTRUCTION-  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  "A-610-0022 


Classification:  Unclassified 


9 

ERIC 


Topic:  "  Servicing  the  M715  1  1/4  Ton  Cargo  Truck 
Average  lima:    4  Period  (Class),  4  Periods  (Pract) 
Instructional  Materials: 
A.  Texts: 

1.  M715  Truck,  Cargo,  1  1/4  Ton,  4x4  Organ- 
izational Direct/General  Support  Mainten- 
ance, Army  Tank  Automotive  Command,  Warren, 
Michigan  48090,  pages  167-171. 

2.  Construction  Mechanic  3  &  2,  NAVPERS  10644 
Series,  chapters  4  and  15. 

R.    References:  None. 

C.    Tools,  Equipment  and  Materials: 

1.  Tools. 

a.  Automotive  shop  handtools. 

b.  Grease  guns. 

c.  Lubricating  oil  dispensers. 

d.  Brake  fluid  dispensers. 

~*  —       ~er~  Batrery  TOter~diBpensersT  ~  ~  ~  ~ 

3  2  J  f •    Shop  equipment . 


Terminal  Objective:    Upon  completion  of  this  -unit  ^each-   

student,  while  working  as  a  member  of  a  two  (2)  man  team, 
will  be  able  to  service  automotive  chassis  and  power 
train  components  using  appropriate  handtools,  special 
tools,  shop  equipment  and  materials.    Specifically,  he 
will  service  suspension  system,  power  train  and  brake 
systems,  of  the  M715  1  1/4  Ton  Cargo  Truck.    All  tasks 
will  conform  to  manufacturer's  specifications,  without 
error,  as  specified  in  the  job  sheet  CM  "A"  JS  3.1.1.1, 
"Servicing  the  Power  Train  of  the  M715  1  1/4  Ton  Cargo 
Truck". 

Enabling  Objectives:^  Upon  completion  of  this  topic 
each  student  will  be  able  to  perform  service  procedures 
on  the  M715  1  "1/4  Ton  Cargo  Truck.    Specifically,  he 
will  locate  service  points,  dispense  appropriate  lubricant, 
and  check  fluid  levels,  while  using  appropriate  handtools, 
lubrication  equipment  and  lubrication  orders.  All 
performance  will  meet  manufacturer's  specifications  as 
specified  in  the  job  sheet  CM  "A"  JS  3.1.1.1,  "Servicing 
the  Power  Train  of  the  M715  1  1/4  Ton  Cargo  Truck". 

Criterion  Test:    Perform  service  procedures  on  M715  1  1/4 
Ton  Cargo  Truck*  in  accordance  with  manufacturer's  spec- 
ifications as  specified  in  the  job  sheet. 

Hpmework:    Study:    M715  Truck,  Cargo,  1  1/4  Ton,  4x4 
Organizational  Direct/General  Support  Maintenance,  1 
pages  167-171. 

Readr  "Construction  Mechanic  3  fi  2,  NAVPERS*  10644% 
chapters  4  and  15.  • 
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2 .    Equipment : 
a.  Major. 


(1)    M715  1  1/4  Ton  Cargo  Truck  / 
(12  each). 


(2)  Portable  lubrication  unit  (1  each), 

(3)  Portable  steam  cleaner  (1  each) . 
3,    Materials  (consumable). 

a/  Cleaning  solvent, 
^b.    Chassis  grease. 

c.  Gear  oil. 

d.  Hydraulic  brake  fluid. 

e.  Distilled  water. 
^  f.    Wiping  rags. 

D.    Training  Aldar and  Devices: 

1'.  ( Locally  Prepared  Material. 

a.    Job  Sheet.* 

(1)    CM  "A"  JS  3.1.1.1",  "Servicing  the 
M715,  1  1/4  Ton  -Cargo  Truck" . 

E<^  Training  Aids  Equipment:  None. 
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QgnJOg  QF  INSTRUCTION 
I.    Introduction  to -the  lesson. 
A.    Establish  contact. 

1.  Name:  ' 

2.  Topic:    Servicing  the  M/15  1  1/4  Ton 
Cargo  Truck. 

B •    Establish • readiness • 


INSTRUCTOR  ACTIVITY 

I. A.    Introduce  self  and  topic. 

I.B.    Motivate  student.  


CM*  "A" 
STUDENT 


IG  2.1.4 
ACTIVITY 


#2- 
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1.    Purpose.  ,  - 

2*  Assignment. 
Establish  effect. ^ 
1*  Value. 

a.  Pass  course. 

b.  Perform  better  on  the  job. 

c.  Get  advanced. 

d.  Be  a ^better  construction  mechanic. 
Overview:  * 

1»    An  important  element  of  the  preven- 
tive maintenance  program  Is  the 
periodic  performance  of  scheduled 
lubrication  services.    In-fchis  lesson 
"you  will" learn  the  proper  procedure 
for  conducting  P.M.  checks  of 
automotive  equipment \ 


I.C.  ''Bring  out  need  and  value 
of  material  being  presented. 


I.D.    State  learning  objectives. 

1.    State  information  and  . 
>    materials  necessary  to  guide 
student. 
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OUTLINE  OF  INSTRUCTION 

II .    Presentation .  m 

A.    Preventive  maintenance  (PM). 

I*  Purpose. 

a.    Periodic  performance  of  scheduled 
inspections. 


INSTRUCTOR  ACTIVITY 


Ot  "A"  IG  ->.1,4 
STUDENT  ACTIVITY 


\ 


 tX) — Lubrication  services.  

(2)  Adjustments. 

b.  Keeps  equipment  in  safe  and  Service- 
able condition. 

c.  Minimizes  cost  of  maintenance. 

2,  Operator's  responsibility. 

a.  First  in  line  of  defense  against 
equipment-  wear,  •  m 

(1)    DMly  inspection  of  equipment. 

(a)    For  failures  and  damage. 

b.  Make  note  of  equipment  defects  on 
Operator's  Inspection  Guide  and 

«    .    Trouble  Report,  NAVFAC  9-11240/13. 

3.  ' ,  Mechanic  ?s  responsibility. 

a.    Receives  Equipment  Work  Order  (EWO), 
NAVFAC  9-11200/41. 


9 
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OUTLINE  OF  INSTRUCTION 

(1)    From  his  shop  supervisor. 

(a)  For  interim  repairs. 

(b)  For  preventative  mainten- 
ance. 

'(2)    Authorization  to  perform 


INSTRUCTOR  ACTIVITY 


CM  rrAtr  IG  3.1.4 
STUDENT  ACTIVITY 


II.A.3.a.(l)  Pass  out  pertinent  II.A.3.a.(l)  View  forms 
forms  for  students  to  examine.      and  participate  in 

discussion. 
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work  listed  by  inspector  on 
EWO. 

(3)  Any  needed  repairs  observed 
by  mechanic  that  are  not 
listed  by  the  inspector  should 
be  brought  to  the  attention 

of  the  shop  supervisor. 

(4)  Mechanic  initials  all  wotk 
performed  by  him  and  indicates 
time  required  to  perform  the 
job. 

(5)  Mechanic  lists  parts  needed  on*< 
EWO  and  when  authorized  by  shop 
supervisor,  draws  papts  from 
shop  stores.  ■ 

(6)  Upon  completion  of  job,  mechanic 
,  returns  EWO  to  shop  supervisor 

for  final  inspection.  ^ 

NOTE:    Some  duty  stations  use  a  shop 
repair  order  (SRO)  NAVFAC  9-11200/ 3A  in 
place  of  the  EWO. ^  , 

b.    Interpretation  of  preventive  mainten- 
ance guides. 
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CM  "A"  IG  M.4 

OUTLINE  OF  INSTRUCTION  .     '  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(1)  Speeds  and  aids  the  mechanics  " 
scheduled  job. 

(2)  Guides  for  repair  of  safety  and 
serviceability  deficiencies, 

(3)  Guides  for  proper  lubrication 

of  equipment.  ,  , 

 (4)  ftnideg  for  scheduled  services .  

y  (a)    Type  "A"  -  at  intervals  of  * 

J    40  working  days.  > 

"(b)    Type  "B"  -  2000  miles, 

120  hours,  or  after  2  "A" 
*  PM's. 

**'  * 
(c)    Type  "C"  -  As  directed  by 
°  maintenance  supervisor, 

oil  and  filter  at  4000 
miles,  80  days  or  240h 
MAX. 

C5)    PM  Service  inspection  record. 

(a)  Adhesive-type  sticker^, 
placed  on  equipment. 

(b)  Reminder  for  next  PM  service.  ■  > 

(c)  Information  of  last  oil, 
filter  and  lubrication 
service. 
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OUTLINE  OP  INSTRUCTION 

B.  Lubrication. 

1.    Theory  and  purpose  of  lubrication. 

a.    Reduce a friction. 

*  (1)    Surfaces  protected  by  film 
'  of  oil. 


INSTRUCTOR  ACTIVITy 


CM  "A"  IG  J. 1.4 
STUDENT  ACTIVITY 


II. B.    Write  pertinent  infor-       II. B.    Copy  and  follow 
iiiation  on  chalkboard,  emphasize  discussion, 
cleanliness  in  the  application 
of  lubricants. 


f>Z    Carries  heat  away\  : 

c.  Sealer. 

,  (1)    Aids  cbmpression. 

(2)    Seals  working  parts  against 
oxidation. 

-* 

d .  Cleans •  ^ 

*        (1)    Suspends  foreign  materials, 
(a}'  Carbon. - 
(b)    Metal  particles. 
2.    Factors  affecting  lubrication*, 
a.    Load.         ,  * 

*  (1)    Force  against  oil  film. 
t>.    Speed.  * 
(1)    Internal  friction  of  oil. 
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OUTLINE  QF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  3.1.4 
STUDENT  AC'i  XVITY 


'  c*    Temperature  (climatic) . 

(1)  Viscosity. 

*  (a)    Internal  resistance  to 

flow. 

(2)  Govern  use  of: 
(a)    Light  oils. 


(b)    Heavy  oils.  t 
d.  Cleanliness. 
(1)  Weather. 

(a)  Dust  (earth). 

(b)  Dust  (industrial) . 

(c)  Inside  building. 

(d)  Weter  (rain) . 
3.    Properties  of  lubricants. 

a •    Adhesion • 

(1)  Stick  to  something. 

(2)  Factor  of  use  for  centrifugal 
action. 


b.  Cohesion. 


(1)    Stick  together. 
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Outline  of  ihstruction 

(2)    Factor  as  a  repellant. 
c.  Viscosity. 

(1)  Saybolt  seconds  universal. 

(2)  Specified  amount  of  oil* 

(3)  At  certain  temperature . 


INSTRUCTOR  ACTIVITY  " 


CM  "A"  IG  3.1.4 
STUDENT  ACTIVITY 


9 

:Dir 


*   (4)  A  Orifice  (standard)  for  series. 

d.    Four  point. 

(1)    Lowest  temperature  at  which 
an  oil  will  flow* 

<  #    e.    Flash  point. 

(1)    Temperature  at  which  vapors  t 
will  burn  but  will  not  sustain 
flame. 

*     *  j 

f .    Fire  point. 

(1)  Temperature  at  which  vapors 
will  burn. 

(2)  Will  sustain  flame. 

y  * 

4.    Types  of  lubricants, 
a.  Oils. 

.   (1)  Classification. 
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OUTLINE  OF  INSTRUCTION 

(a)  Mineral. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG 
STUDENT  ACTIVITY 


343 


1>    No  detergent  additives, 
(b)    Heavy  duty. 

1.  Contains  detergent 
additives* 

£2)  tUses.  \ 
.  ,  (a)    Mineral ♦ 

L»  Gearboxes.. 

2.  Some  air  compressors* 

3.  Hydraulic  systems ♦ 
(b)    Heavy  duty. 

1.    Diesel  engines. 
*j  2^   Gasoline  engines. 
3  .^^Some ,  Jtrahsmissions . 

(3)  Heavy-duty  grade  engine  oils. 

(a)  OE;'-HD030. 

(b)  OE-HDOIO. 

(4)  Multiple -grade  engine  oils, 
'(a)  10^0-30.* 
•  (b)  20-40. 
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OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY       '  STUDENT  ACTIVITY 

(5)  Non-detergent  grade  oils. 

(6)  Rock  drill  oil. 
'f  '  (a)    SAB  30. 

(b)    SAE  50. 

(7)  Rotary  compressor  oil.  ' 

> 

(a)    2190  Tep. 

(8)  Hydraulic  oil. 
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(a)    Comply  strictly  with 

manufacturer's  recommendations. 

b.    Gear  oils.  ^_  *  - 

(1)  G.O.  #80  -  S.A.E.  #80./^ 

(a)  Transmissions  below  32°F. 

(b)  Differentials  below  32°F. 

(c)  Final  drives  below  32°F. 

(2)  G.O.  #90  -  S.A.E.  #90.  ■  • 
.(a)  Transmissions  above  32°F. 
-(b)  Differentials  above  32°F. 

(c)  Final  drives  above  32°F,     '  34^ 
below  90°F. 


er|c  •        .         (u  01  m 


CM  "A"  IG  a. 1.4 

OUTLINE  OP  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(3)'  5190  -  S.A.E.  #140. 

(a)  Pinal  drives  above  90°F. 

(b)  Tractor  Transmissions 
afeove  90°F. 

c.    Automatic  transmission  fluids. 


ERIC 
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(1)  .  Use  only  fluid  specified  by 

the  transmission  manufacturer. 

d.    Greases.  ^ 

(1)    Classification  and  use. 

(a)  Grease,  multi-purpose  II. 

1.    Used  for  all  lubrication 
In  place  of: 

a.  Wheel  bearing  (WB). 

b.  Chassis  grease  (CG) . 
c^   Ball  and  roller  (BR). 

d.  Water  pump  (WP) . 

e.  Roller  lubricant  (RL) . 

(b)  Water  pump  grease. 

1,    Used  for  lubrication  of: 
a.    Water  pump  packing. 
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OUTLINE  OF  INSTRUCTION 
/ 


b.    Gland-type  only. 


(c).   Exposed  gear  and  wire  rope 
lubricant,  XCW)  . 

1,    Sticky,  thick,  black 
residual  oil. 

/     «  '        2^   Use  02  for: 

a.    Exposed  gear 
trains, 

'   Jl^   Wire  rope. 

5.    Lubrication  charts  and  instructions. 

a.  Source. 

(1)  *  Equipment  manufacturer. 

(2)  Naval  Facilities  Engineering 
Command . 

(3)  Military  Technical  Manuals. 

b.  Information  on  charts. 

"(1)  i Type  of  lubricants  to  use. 

(2)  Intervals  of  service. 

(3)  Location  of  lubrication  points ; 

(4)  Capacities. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  .,.1.4 
STUDENT  ACTIVITY 


II. B. 5.    Show  examples  of  v 
lubrication  charts,  instruc- 
tions, and  military  lube 
orders.  ♦ 
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OUTLINE  QF  INSTRUCTION 


6.    Lubrication  tools  and  equipment . 

a.  Pneumatic  equipment. 

(1)  Grease  pumps. 

(a)  High  pressure  40:1  to 
50:1  ratio. 

(b)  Low  pressure  4:1  to  6:1 
ratio. 

(2)  Transfer  pumps. 

(a)  Large  volume. 

(b)  Transferring  oils. 
I 

b.  Hand-operated  equipment. 

(1)  Push-type  grease  applicator, 
(a)    Low  pressure. 

(2)  Lever-type  grease  applicator. 

(a)  High  pressure. 

(b)  To  5000  BSI. 

1.    Size  of  plunger.' 

(3)  Volume  grease  applicator. 

(a)  •  Low  pressure  -  high  volume ; 

^  ~  .  I 

O  D  i  0>)    Track  roller  frames . 


INSTRUCTOR  ACTIVITY 

II .B. 6.    Display  pneumatic  lube 
equipment  and  hand-operated 
lube  guns. 


CM  "A'/lG  3.1.4 
STUDENT  ACTIVITY 
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OUTLINE  OF  iaSXRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A" 

STUDENT 


IG  ...  1.4 
ACTIVITY 
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c.  Types  of  fittings. 

(1)  Hydraulic  (alemite  or  zerk). 

(2)  Button  head. 

d.  Safety  precautions. 

(1)  Under  lubrication. 

(a)  Wpm  parts. 

(b)  Close  overhaul  periods. 

(2)  Over-lubrication, 
(a)    Blown  seals. 

1.  Seals  retain  lubri- 
cant. 

2.  Close  overhaul  periods. 
^       (b)    Damage  to: 

1.    Clutch  discs.  * 
2>  Brakes. 

(3)  Wrong  type  of  automatic 
transmission  fluid. 

(a)  Seals  will  swell. 

(b)  iieads  to  quick  failure. 

(4)  Clean- lubrication  area. 


II.B.6.d.(2)    Emphasize  fact  that 
over— lubrication  can  in  some 
Instances  be  as  detrimental  as  under 
lubrication. 


354 


(15  of  16) 


J 


1 


outline  qf  instruction 

(a) 
(b) 


( 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  .1.% 

STUDENT  ACTIv'lT? 


/93B 


Slipping  and  falling.  . 
Lubricants  collect  dirt, 
(c)    Fire  hazard. 
(5)    Clean  equipment  b&fore  lubricating. 
III.  Application. 


IV. 


A.    Knowledge  gained  by  the  student  will  be 
applied  throughout  the  automotive  chassis 
phases  of  the  course. 


Summary • 

A.  Preventive  maintenance. 

B.  Lubrication. 


V.  last: 

A.    End  of  uni**  vjritten  test. 

VI.  Assignment. 

A.    Study:    SW  3  &  2;  NAVPERS  10653-Z,  pages 
152-170  and  187-220  in  preparation  for 
Gxy-Mapp  Gas  Heating  and  Cutting. 

»-  ' 

3oa  / 
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III. A. 


III. A;    Direct  student  activities    Locate  points  on  M715 
in  locating  service  points  and         1  1/4  Ton  Cargo  Truck 
dispensing  appropriate  lubri- 
cant and  fluids. 


and  dispense  appropriate 
lubricant  and  fluids 
according  to  manufactur- 
erjs^specif ications 
as  specified  in  the 
job  sheet. 


IV.B.  End  of  phase*  Pick  up 
textbooks  and  tool  crib  keys. 


VI. A.    Have  representative  from 
Heavy  Chassis  Phase  pass  out 
texts  and  write  assignment  on 
chalkboard. 


VI. A.  Copy  assignment 
and  carry  out  saui.e. 
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CM  "A."  IS  3.1.1.1 

NAVAL-  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
-     CONSTRUCTION  mSSn^SCHOOL  TRAINING  COURSE  A-610-0022 

INFORMATION  SHEET 

Excerpts  fro.  M715  1  l/«  Ton  Cargo  Truck  Organisational  Direct,  General, 
Support  Maintenance 

■  Servicing  th.  Power  Train  of  the  MU5  1  1/4  Ton  Cargo  True. 
•     ' '       ^        nna*  of  this'  information  sheet  is  to  guide  you  in 
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TRANSMISSION 

 1 

off  mounted  on  the  left  side  of  the  transmit- 

General  07-1  8j0n# 

Power  take-off   -  07-15  . 

Transmission  remoral  -  ^07-2  /•  On  winch  equipped  vehicles,  disconnect 

Transmission  disassembly   07-3  winch  driver  propeller  shaft  from  pofrer-tske- 

Control  housing  -      07-6  off. 

Mainshaft  -_..--.-„..  07-^  g  Disconnect  and  remove  the  intermediate 

I"*     £1  ^IZ                           Z£2  propeller  shaft  mounted  between  the  transmis- 

Reverse  shift  rail  end   07-6  •         ,  .       -                   *    .  •  «  « 

Transmission  assembly  07-8  sion       transfer  case.  To  do  this,  loosen  the 

Control  housing   -  07-10  transfer  case  mounting  and  move  slightly  back. 

Main  drive  gear  —  07-12  ^  Disconnect  the  front  axle  propeller  shaft 

Mainshaft    07-n  from  the  transfer  case. 

Rear  bearing  retainer  oil  seal  07-7      ^  ^  ^         ,  ^  t 

Reverse  shift  rail  end  —  ...07-9  t.  Place  jacks  uffilerthe  engine  and  trans- 
Transmission   07-13  mission.  Protect  the  engine  oil  pan  with  a  block 

Transmission  installation   07-14  of  wood  placed  between  the  jack  and  pan. 

Specifications  -  07-i«  .             bolts  securing  torque  arm  and 

„  ,  -  .  rear  motor  mount  to  frame  crossmember. 
07-1.  General 

,         ....       ,        ,  .  k.  Remove  bolts  Securing  motor  support 

The  four  speed,  cane  shift,  synchromesh  trans-  frame  crossmember  to  rfght  ^  left  frame 

mission  provides  four  speeds  forward  and  one  side  raj,  brackets  and  slide  crossmember  rear- 

reverse  jvith  synchrqm^h  engagement  m  sec-  ^  ward  to  free  member  from  brackets.  Place 

ondt  third,  and  fourth  speed.  crossmember  on  floor  out  of  work  area. 

„  ^           .  .     B        .  I  Remove  the  four  bolts  securing  the  tyana- 

07-2.  Transmission  Removal  ^  ^  flywheel  hoUflinJf 

a.  Drain  the  transmission.  Replace  the  drain  .  m  Lower  engjne  and  ^^ion  slightly 

P'u£*   .  while  sliding  transmission  rearward.  When 

6.  Remove  the  transfer  lever  cover  and  floor  transmission  main  drive  clears  the  flywheel 

board  inspection  cover.  housing  tilt  transmission  slightly  forward  and 

^          _    .  _     »    t*t   j  •         i.  i.u  lower  transmission  to  floor.  Remove  transmit 

c.  From  underside  of  vehicle  disconnect  the  sion  from  under  ^ 

transfer  -shift  rods  and  parking  brake, control 

cable  from  the  lever  assembly  mounted  on  the  QJ^  Tranjmi$$ion  Disassembly 

right  side  of  the  transmission  housing.  *                                           ,  , 

a.  Remove  the  bolts  securing  the  control 

d.  Remove  the  three  bolts  securing  transfer  housing  assembly  to  the  transmission  housing, 
lever  and  parking  brake  handle  assembly  to  the  Remove  control  housing  and  gasket, 
transmission  and  remove  lever  and  handle  as-  #  fe             ^  fiye  ^            ^  pmm 

sembly.  take-off  housing  to  the  transmission  housi  ^ 

e.  On  winch  equipped  vehicles,  disconnect  Remove  power-take-off  housing  assembly  and 
power  take-off  control  rod  from^ower-take-  gasket 
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2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 


AT  14635 


Gasket,  control  housing  28  - 

Housing,  control  29 

Shaft,  inttin  assembly  -w 

Washer,  countershaft  thrust,  rear  .11 

Wa«nerf  cnuiilernhufl^hruHt,  rear  (nteei)  32 

Shoe,  transmission  shifting  reverse  33 

Arm,  transmission  reverse  shifting  34 

Washer,  "C"  transmission  shifting  «hf*u reverse,  35 

Pivot,  transmission  reverse  shifting  arm  36 

Oil  seal,  transmission  reverse  shifting  arm  pivot  37 

Gear,  reverse  idler,  assembly  38 

Snap  ring,  reverse  idler  gear  39 

Washer,  reverse  idler  gear  thrust  (  40 

Sleeve,  reverse  idler  shaft  41 

Roller,  reverse  idler  gear  bearing  42 

Spacer,  reverse  idler  gear  bearing  roller  43 

Gear,  reverse,  idler  44 

Plug/  pipe,  W  45 

Gears,  transmission  countershaft  46 

Bearing,  roller,  countershaft  gear  47 

Spacer,  countershaft  bearing  48 

Washer,  countershaft  bearing  49 

Washer,  countershaft  ftirust,  front  (bronze)  50  * 

Omit  51 

Retainer,  main  drive  gear  bearing  52 

Bolt,  hex-  hi,  9St*-18  x  V  53 

Lockwasher,  %$"  54 


Gasket,  bearing  retainer,  main  drive  gear 

Gear,  main  drive  (27  teeth) 

Holler.  trunsmiHHion  main  shift  pilot  bearing 

Cu*ft,  transmission 

l^ickwitMher,  'MiT 

IWtf  hex.  hd.f  %r-12  x  1%" 

(lasket,  transmission  case  side  opening  cover 

Bolt,  hex.  hd.,  %"-lCx  %m 

Lockwasher,  %"  , 

Cover,  transmission,  case  side  opening 

Countershaft,  transmission 

Pin,  taper,  no.  0  (shifting  arm  pivot) 

Bearing,  transmission  main  shaft  m 

Snap  ring,  main  shaft  bearing     *  \ 

Collar 

Gasket  > 

Shaft,  reverse  idler  gear 

Plate,  lock,  idler  and:  countershaft 

Lockwasher. 

Bolt,  hex.  hd.,  %"-16jc  %"  '  <  i  - 

Seal  housing 

Seal 

Star  washer 
Capscrew 
End  yoke 
Locknut 
Cotter  pin 


Figure  07-1,  Four*$peed  tranMmUnoru 
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c.  Remove  propeller  shaft  flange  and  trans- 
mission main  shaft  rear  .bearing:  retainer 

assembly  from  rear  of  transmission.  ,  * 

f 

d.  Remove  the  oil  seal  from  the  bearing  re- 
tainer housing,  j  - 

e.  To  make  certain  the  two  blocking  rings, 
direct-a^d-third  clutch  hub,  and  the  direct-imd- 
third  cluUh  sleeve  will  be  reassembled  in  their 
original  order,  mark  them  with  a  quick-drying 
lacquer.  Also  mark  the  blocking  ring,  Iow-and- 
second  clutch— hub,  and  the  Iow-and-second 
speed  gear.  -x  \ 

f.  Slide  the  Iow-and-second  gear  toward  the 
rear  of  the  transmission  case,  .  * 

g.  Disengage  the  reverse  shifting  arm  from 
the  reverse  idler  gear.  Remove  the  reverse 
gearshift  arm  from  the  reverse  shifting  arm. 

h.  Slide  the  low-and-second  gear  back  into 
neutral  position. 

I  Remove  the  snap  rings  from  the  main 
drive  gear  shaft  and  the  outer  race  of  the  ball 
bearing.  • 

Note.  If  only  the  main  drive  gear  bearing  is  to  * 
be  replace*!,  it  can  be  removed  with  a  bearing  puller. 

V  The  oil  dinger  can  be  removed  after  re- 
moving the  main  drive  gear  bearing. 

Remove  the  snap  ring  from  the  outerv 
tearing  race  of  the  transmission  main  shaft! 
rear  ball  bearing. 

I.  With  a  bearing  puller,  remove  the  main-  ' 
shaft  ball  bearing. 

in.  Disengage  the  mainshaft  assembly  from 
the  main  drive  gear.  , 

n.  Being  careful  not  to  lose  any  of  the  main- 
shaft  pilot  bearing  rollers,  lift  the  ^mainshaft 
assembly  out  through.the  iop  of  thV'transmis-* 
si  on  case. 

o.  Pull  the  main  drive  gear  out  of  the 'rear 
of  the  transmission  case. 

V.  Remove  the  mainshaft  pilot  bearing  rol- 
lers frorri  the  gear. 

7.  Remove  the  lock  plate  bolt  Iockwasher, 
and  lock  plate. 

r.  Use  a  pry  bar  in  the  lock 'plate  slot  of  the 
reverse  idler  gear  shaft  to  loosen  the,  shaft£ 
Th^slip  the  shaft  out  of  the  housing  and  gear. 
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Lift  the  reverse  i3ler  gear  assembly  out  the  top 
of  the  transmission  case. 

s.  With  a  heavy  brass  drift,  drive  the  coun- 
tershaft toward  the  rear  of  the  transmission, 
"~case;^Wheir  the  countershaft  end  is  even  with 
the  inside  of  the  transmission  case, 'use  a  dum- 
my shaft  to  force  it  the  remainder  of  the  way. 

f.  With  the  dummy  ihaft  in  position^loce 
the  trun.smi.HMQn  case  on  its  side  and  carefully- 
,  roll  the  'countershaft  gears  out  o<f  the  case, 

us  Complete  the  disassembly  by  removing 
the  dummy  shaft,  thrust  washers,  four  sets  of 
bearing  rollers,  and  spacers. 

v.  To  disassemble  the  reverse  idler  gear  as- 
sembly, remove  one  of  the  snap  rings  and  tap 
out  the  thrust  washer,  both  sets  of  bearing  rol- 
lers, center  spacer  and  sleeve.  Remove  the  re- 
maining snap  ring. 

w.  Remove  the  reverse  shifting  arm  pivot 
taper  pin. 

x.  Remove  the  reverse  shifting  arm  pivot 
and  O-ring. 

07-4.;  Mainshaft  Disassembly 

a.  Remove  the  snap  ring  which  holds  the 
second-speed  synchronizer  assembly  on  the 
mainshaft. 

6.  Slide  the  second-speed  synchronizer  as- 
sembly and  the  second-speed  gear  off  the  main- 
shaft!  When  removing  the  second-speed  gear, 
be  careful  pot  to  lose  any  of  the  bearing  rollers. 

c.  Remove  the  two  remaining  snap  rings, 
si>acer,  and  thrust  washeffrom  the  mainshaft. 

d.  Remove  the  two  large  lockrings  and  push 
the  direct-and-third  clutch .  hub  out  of  the 
sleeve. 

u  '  <~~ 

e.  If  the  second-speed  synchronizer  assembly 
is  to  be  disassembled,  wrap  the  assembly  in  a 
cloth  to  prevent  losing  f;he  lock  huVr,  and  pop- 
pet springs.  Then  push  the  !<>\r-and-;rcnnd 
clutch  Hub  out¥,*of  the  low-and-«econd*"spdfed 
gear  in  a  direction  opi>osite  the  bhift  fork 
groove.  Remove  the  cloth  and  lift  balls,  springs, 
and  shifting  plates  out  of  the  hub. 

07-5.  Control  Housing  Disassembly 

If  hard  shifting^simuItaiieous/I'jrfjrtj:  jn<o  I  vr\ 
gears,  or  jumping  out  of  gear  is  experienced 
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1  Blocking  ring 

2  Direct~and-bhird  dutch  sleeve 

3  Snap  ring 

4  Lock  ring 

5  Shifting  plate 

6  Direct-and-third  clutch  hub 

7  Third-speed  gear  assembly 

8  Snap  ring 


9  Thrust  washer 

10  Bearing  rollers 

11  Second-speed  gear 

12  Spacer 

13  Mainshaft 

14  Blocking  ring 

15  Shifting  plate 

16  Poppet  spring 


17  Ball, 

18  Low-and-second  clutch  hub 

19  Retaining  ring 

20  Low- and- second  speed  {rear 

21  Second-speed  synchronizer  assy. 

22  Direct-ami-third  synchronizer  assy. 


Figure  07-2.  Transmission  mainshafU 


1  Snap  ring  4  Washer 

2  Snap  ring  5   Mam  drive  gear 

3  Bearinjp*  6   Bearing  rollers 

Figure  07-3.  Transmission  main  drive  gear. 
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AT  14438 


1 
2 
3 
4 

5 
6 
7 
8 

4 


Gearshift  lever 
Control  housing  pin 
Control  housing  cap 
Spherical  cap  • 
Snift  handle  knob  - 
Upper  boot  clamp 
Gear  shift  lever  ooot 
Lqwer  boot  clamp 
Washer 

Control  lever  spring 
Breather 


12  Reverse  shift  rail 

13  Shift  rail  interlock  plunger 

14  Expansion  plug 

15  Low-and-swond  shift  rail 

16  Shift  rail  interlock  pin 

17  Direct-and-third  shift  rail 

18  Control  housing 

19  ,  Shift  rail  poppet  spring 

20  Shift  rail  poppet  ball 

21  Lockwire 

22  Low-and-second  shift  fork 
Figure  07-4.  ^Control  housing  o.$tembty. 


23  Lock  screw 

24  Shift  rail  end 

25  Directs and-third  shift  fork 

26  Reverse  plunger 

27  Reverse  plunger  spring 

28  Reverie  rail  end 

29  Cotter  pin 

HO  Reverse  plunger  poppet  spring 

31  Reverse  plunger  poppet  ball 

32  C-waaher 


with  the  four-speed  transmission,  the  trouble 
may  be  in  the  control  housing  assembly  (figure 
07-4).  The  control  housing  can  be  disassem- 
bled as  follows: 

a.  Remove  the  three  lock  wires  and,  three 
lock  screws  from  thes  gearshift  forks  and  gear- 
shift rod  ends.  Remove  the  six  expansion  plugs 
from  the  front  and  rear  of  the  control  housing. 


b.  Before  removing  shift  rails,  cover  the 
poppet  ball  hole  to  prevent  loss  of  poppet  balls 
and  springs.  The  direct-and-third  shift  rail  is 
to  be  removed  first.  Drive  this  shift  rail  out  of 
the  rear  of  the  gearshift  lever  base.  As  the 
shift  rail  is  withdrawn  from  the  center  section 
of  the  gearshift  base,  remove  the  shift  ri. 
interlock  pin  from  the  crossover  hole  in  the 
direct-and-third  shift  rail. 
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e  Remove  the  low-and-second  'speed  shift       a.  Position  the  two  shift  rail  interlock 

rail  in  the  same  manner.  \  Plun*ers  and  inter5ock  P|n  into  of 

,  _         A,     ....   .         a  ,   \the  center  section  of  the  control  housing. 

<L  Remove  the  shift  rail  poppet,  balls  and  «< 


springs.  With  a  piece  of.  wire,  push  the  two 
shift  rail  interlock  plungers  out  of  the  pockets 
in  the  center  section  of  the  control  housing. 

07-6.  Reverse  Shift  Rail  End  Disassembly 

'Hie  reverse  shift  rait  end  is  a  spring-loaded 
plunger  which  prevents  accidentally  shifting 
into  reverse  gear.  Should  this  part  require 
servicing,  proceed  as  follows: 

a.  Remove  the  cotter  pin  from  the  reverse 
fail  end  and  at  the  same  time  hold  a  finger  over  / 
.  /the  hole  to  prevent  loss  of  the  reverse  plunger/* 
'    poppet  spring  and  ball  Then  shake  out  the 
*   spring  and  ball. 

6.  Remove  the  reverse  plunger.  Compress 
the  spring  until  the  C-washer  groove  just 
clears  the  end  of  the  casting.  Remove  the  C- 
washer. 

07*7.  Rear  Bearing  Retainer  Oil  Seal 

It  is  important  that  the  rear  bearing  oil  seal  be 
correctly  installed  to  prevent  oil  leakage.  Cor- 
i    rect  position  of^the  seal  lip  is  towards  the  front 

whenever  it  has; been  removed.       \         ^  ^ 

07-8.  Transmission  Assembly 

/  Refer  to  figure  07-1. 

07-9.  Reverse  Shift  Rail  End  Assembly 

Refer  to  figure  07-4. 

a.  Insert  the  reverse  plunger  spring  and  re- 
verse plunder  into  the  reverse  rail  end.  Com- 
press the  reverse  plunger  until  the  grooved  end 
cieai-s  the  casting  and  secure  inplace  with,  the 
C-washer. 

b.  Position  the  reverse  plunger  poppet  ball 
and  spring  into  the  reverse  fail  end.  Compress^ 
the  ball  and  spring  and  secure  with  a  cotter 
pin.  # 

* 

07-10.  Transmission  Control  Housing 
Assembly 

Refer  to  figure  07-4. 


6.  Install  the  shift  rail  poppet  balls  and 
springs  into  their  respective  positions  in  the 
control  housing. 

c.  Compress  the  low  and  second  speed  shift 
rail  poppet  ball  and  spring  and  install  the  low 
and  second  speed  shift  fork,  shift  rail  end  aud 
shift  rail. 

d.  Neutralize  the  low  and  second  speed  shift 
rail  so  the  interlock  will  center  in  the  shift  rail 
detent  pocket 

e.  Compress  the  direct  and  third  shift  rail 
poppet  ball  and  spring  and  install  the  shift 
fork  and  shift  rail.  . 

/.  Compress  the  reverse  rail  poppet  ball  and 
spring  and  position  the  reverse  ntil  end  assem- 
bly to  the  control  housing.  Install  the  reverse 
shift  rail. 

g.  Align  the  shift  forks  to  the  shift  rail  lock 
screw  holes  and  secure  in  place  with  the  four 
lock  screws.  Secure  each  of  the  four  shifter 
lock  screws  to  their  respective  shifter  fork 
with  safety  wi  re, 

h.  Position  the  six  expansion  plugs  to/the 
.front  and  rear  of  the  control  housing  aflu  se- 
curet-in  i>lace  bjU^Pping  firmly  on  the/raised 
portion  of  each  expansion  plug.  '  .  y 

i.  Install  the  gear  shift  lever  "and  control 
housing  pin  into  the  control  housing  and  at  the 
same  time  align  the  lever  to  ^Ke  shifter  fork 
neutral  groove.  / 

Secure  the  gearshift  fever  and  control 
housing  pin  with  tfte  control  lever  spring, 
washer  arid  control  housing  cap. 

k.  Install  gear  shift  handle  (knob)  on  gear 
shift  lever. 

07-H.  Mainshaft  Assembly 

Refer  to  figqmOT-g. 

a.  Position  the  three  shifting  plates,  poppe 
springs  and  balls  into  the  recesses  m  the  low 
and  second  dutch  hub. 

fc.  Slide  the  iow-and-second  speecf  fear  on 
the  low  and  second  clutch  hub.  a*  t^e  same 
ftme  guiding  the  second-speed  gear  over  the 
three  shifting  plates,  poppet  springs,  and  bklis. 
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c.  Install  retaining  ring  at  the  rear  of  the 
second-speed  synchronizer  assembly.  % 

d.  Install  the  blocking  ring  at  the  front  of 
the  Second-speed  synchronizer  assembly. 

e.  Install  the  second-speed  sychronizer  on 
the  main  shaft  and  secure  in  position  with  the 
2  snap  rings. 

/.  Lubricate  and  install  bearing  rollers,  and 
spacer  into  the  second-speed  gear. 

g.  Install  second-speed  gear  on  mainshaft 
and  center  with  the  blocking  ring.  Secure  in 
place  with  snap  ring. 

h.  Position  thrustswasher  on  mainshaft  and 
to  second-speed  gear. 

i.  Assemble  third-speed  gear  assembly  onto 
mainshaft 

j.  Position  the  three  shifting  plates  to  tiflT 
direct  and  third  clutch  hub. 

ft.  Assemble  the  direct  and  third  clutch" 
sleeve  on  the  direct  and  third  clutch  hub  and 
over  the  three  shift  plates. 

I  Install  the  two  lock  rings  on  to  the  direct 
and  third  synchronizer  assembly. 

m.  Position  both  blocking  rings  to  the  direct 
^d  tMrd  sync^ro^^ 

».  Install  direct  abd  third  synchronizer  as- 
sembly to  mainshaft  and  secure  in  place  with 
a  snap  ring. 

07-12.  Mqin  Drive  Gear 

Refer  to  figure  07-3. 

a.  Lubricate  and  install  rollers  to  rear  of 
main  drive  gear. 

6.  Assemble  slinger  washer  bearing  to  main 
drive  gear  and  secure  with  the  snap  ring. 

Note.  Outer  snap  ring  will  be  installed  after  as- 
serabling^main  drive  gear  to  transmission. 

07—13.  Transmission 

vjlgf er  to  figure  07-1.  ' 

a.  Lubricate   and   install   rollers,  spacer,  ' 
sleeve,  thrust  washer,  into  the  reverse  idler 
gear  and  secure  in  position  with  the  two  snap 
rings. « 

b.  Position  the  reverse  idler  with  the  groove 
facing  toward  the  front  of  the  transmission 
case,  and  iastatf  the  reverse  idler  gear  shaft 


(8  of 


o30/ 

~J  CM  "A"  IS  3.1.1.L 

with  the  groove  Jpf  the  locking  plate  facing 
"in"  towardjtfecenter. 

Note.  Use  care  installing  the  reverse  idler  shaft 
so  as  not  to  dislodge  the  needle  roller  bearings  in 
the  reverse  idler  gear. 

c.  Install  dummy  shaft  in  counter  shaft  gear. 

<L  Lubricate  and  install  the  long  spacer,  f wit 
roller  spacers,  bearing  rollers  and  thrust  wand- 
ers to  the  countershaft  gear,  using  the  dummy 
shaft  as  a  guide. 

e.  Install  the  reverse  shifting  shoe  in  the  re- 
verse shifting  arm  and  secure  in  place  with  tjie 
retaining  C-washer. 

/.  Position  reverse  shiftinipafm  to  reverse 
idler  groove  and  to  the  transmission  case. 

g.  Install  0-ring  on  reverse  shifting  arm 
pivot. 

h.  Install  reverse  shifter  arm  pivot  and  0- 
ring  to  transmission  case  and  reverse  shifter 
arm. 

i.  Secure  reverse  shifter  arm  pivot  to  case 
with  the  Shifting  arm  pivot  taper  pin. 

/.  Tilt  the  transmission  on  its  side  and  with 
the  dummy  shaft  still  in  position,  roll  the  coun- 
tershaft gear  assembly  and  thrust  washers  into 
positiorrtn  the  transmissions.  ^ 

k.  Slide  the*  main  drive  gear  assembly  itfto 
the  bore  of  the  transmission^  Install  outer  snap 
ring. 

I  Tilt  the  mainshaft  assembly  into  the 
transmission  and  insert  the  front  of  the  maiii- 
shaft  into  the  roller  bearing  section  of  the 
main  drive  gear. 

m.  Install  the  rear  mainshaft  bearing  and 
snap  ring. 

n.  Align  the  lock  plate  slots  in  the  reverse 
idler  shaft  and  countershaft  and.  install  the 
lockplate.  Secure  the  lockplsSfil  with  the  cap 
screw  and  lockwasher. 

o.  Align  the  countershaft  gear  assembly  and 
thrust  washers  to  the  countershaft  bores  in  the 
transmission  and  install  the  countershaft  with 
the  cockplate  slot  facing  "out". 

Note.  Make  sure  the  countershaft  is  kept  in  direct 
contact  with  the  dummy  shaft  at  all  times  to  prevent 
dropping  the  bearing  rollers  or  thrust  washers. 

p.  Install  the  front  bearing  retainer  gasket; 
bearing  retainer  and  secure  with  the  foitr  cap 
3crew?  and  lockwashers.     ~  \ 

\  . 


Bearing  end  cap 
Mounting  flange 
Housing 


Shifter  cover 
Shifter  lever 
Drive  shaft 


Figure  07~:>.   Trammwion  power  takeoff. 


the  mainshaft  spacer  collar,  rear 
etainer  gasket  and  rear  bearing  re- 
ssembly,  and  secure  in  place  wth  the 
etaining  cap  screws  and  lockwashers. 
Install  the  rear  faring  retainer  oil  seal. 
NtU:  Install  the  oil  seal  with  the  lip  of  the  seal 
facing  forward. 

8.  Install  the  propeller  shaft  flange,  and  nut. 
Torque  tighten  the  propeller  shaft  flange  nut  to 
125  Ib-ffc  and  secure  with  a  cotter  pin. 

t  Place  the  transmission  gears  in  neutral 
and  install  the  "transmission  control  housing 
gasket  and  control  housing.  Secure  with  the  six 
cap  screws  and  lockwashers. 


07-14.  Tran*mi|«ion  Installation 

Install  the  transmission  in  reverse  order  of 
removal,  refer  to  paragraph  07-2.  < 

Sote.  When  installing  the  transmission  check  the 
transmission-to-clutch  housing  adapter  plate  for 
looseness.  If  found  loose,  the  plate  must  be  checked 
for  alignment  with  the  crankshaft  Attach  a  special 
tool  and  dial  indicator  gauge  over  the  inside  circum- 
ference of  the  clutch  pressure  plate,  and  rotate  the 
crankshaft  slowly  noting  the  dial  gauge  reading.  The 
maximum  allowable  run  out  is.  0.005".  If  the  dial 
gauge  reading  exceeds  the  allowable  run  out,  loosen 
the  plate  and  reposition  the  adapter  plate  aa  neces- 
sary until  the  correct  alignment  is  obtained. 
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1  Shifter  cover  and  lever  H 

2  Shifter  cover  gaakct 

H  AiHi-inbly,  wire  control 

and  cottor  pin 

A  Bearing  and  cap 

5  Bearing  can  gaiket 

6  Tapered  roller  bearing 

7  Houajng 

8  Lock  ring 

9  Sliding  gwur 

10  Drive  shaft 

11  Woodruff  keV 

12  Tapered  roller  be&rinr 

13  Bearing  cap  gaiket 


<  * 
bracket,  awivrl  eye  bolt 


1*4  Bearinrtend  cap  (open) 

1G  Oil  Mai 

1G  MttfintiAtf  gankct 

17  Idler  gtar  Mhaft 

18  Tapered  roller  bearing 
1!)  Idler  cluster  gear 

20  Taporccl  mllrr  tearing 

21*  Idler  gear  spacer 

22  Setscrew 

23  Reverse  idler  gear  ipactr 

24  Reverse  idler  gear  cluster 

25  Woodruff  key  • 

26  Reverse  idler  shaft 

27'  Bearing  end  cap  (closed) 


) 


Figure  07-6.  Transmii$ion  power  take-off* 


07-15.  Power-Take-Off 

The  winch  driver  reversible  power-take-off, 
figure  07-5,  is  mounted  to  left  -side*  of  the 
transmission  housing  and  is  lubricated  by  the 
transmission  lubricant  oil.  It  is  contrafled  by 
a  three  position  shift  lever  located  on  the  cab 
floor  to  the  right  of  the  driver's  seat  adjustable 
rod  connects  the  shift  lever  to  the  shift  lever 


of  the  power-take-off.  When-  installing  the 
power-take-off  a  new  gaskfet  should  always  be 
.  used  and  mounting  bolts  should  be  torqued  18 
&  30  Ib-ff.  Adjustment  of  the  powfe'r-toke-off 
may  be  made  by  loosening  the  jam  nut  and 
\  adjusting  the  shifter  rod  as  necessary. 

When  reinstalling  the  power  take  off  on  the 
transmission',  the  backlash  between  the  power 
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takeoff  pern  and  th*-<r*nvn\t$ion  fesr  should 
H  #PPfoxi»n«toJy  OW"  -to  012"  If  too  *w 
gaskets  are  used,  the  unit  will  whine.  If  too 
many  gaskets  are  used,  the  unit  will  clatter. 
Whenv  in  doubt  about  the  proper  backlash,  it 
may  be  advisable  to  remove  the  shifter  cover 
and  check  backlash  thru  the  cover  opening  by 
rocking  the  idler  cluster  gear,  'figure 
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CLUTCH 


p«rtgnph  exhausted  causing  the  bearing  to  become  dry» 

General    ■    02-1  noisy,  or  seized  resulting  in  clutch  finger  wear. 

ClSteh  fetan 02-11  The  clutch  must  be  Pr°Perly  adjusted  so  that 
Clutch  fixture  data" I~Z7"""rriI.-~ZZ"r"lo2-lO  the  release  bearing-i*  free  of  the  clutch  fingers 
Clutch  fret  play  adjustments  02-4  at  all  times,  except  when  .the  clutch  pedal  is  de- 
clutch housing  alignment    02-15  pressed. 

ClSS  K?^^  Clutch  slippage  occurs  when  the  vehicle  is  oyer- 

Clutch  lever  positions  02-12  loaded,  the  vehicle  load  is  applied  too  quickly, 

Clutch  linkage  -   02-3  or  when  the  pressure  of  the  clutch  fingers  is 

Cll^h  wmiS*nCe  oS  only  P^rtial'y  aPPlied  t0  the  cLtch  plate.  Fric- 

al&tta^  tion  between  the  clutch  facings,  flywheel  and 

Pilot  bushing  -02-8  pressure  plate  produces  excessive  heat  causing 

Release  bearing  yoke  and  shaft   —  02-7  burhed,  glazed  and  worn  facings,  resulting  in 

S^SctoM"::::::;.,:::::r:-:::.  Stn  shortened  dutch  me.  Avoid  dutch 

f  .under  heavy  loads  by  using  lower  gear  or  re-; 

02-.1   Genera!        r  i    *  Jl1  v  .ducjng  thejoad.  *  / 

A  heavy-duty  single  plate,  dry  disc  type  clutch  02_g  C|ute^  linkage 

is  - used  on  the  M715  and  M725.  The  clutch  *  .  . 

assembly  consists  of  the  clutch  driven  plate  The  clutch  linkage  is  a  mechanical  type  con- 

assembly,  the  clutch  cover  and  pressure  plate  sisting  of  the  clutch  pedal,  an  adjustable  rod 

assembly,  and  the  clutch  release  mechanism.  that  connects  the  pedal  to  the  cross  shaft,  the 

The  pressure  plate  is  ,10fc»  diameter  and-  /ross  shaft  idler  that  transfers  the  movement 

utilized  nine  springs  to  ensure  maximum  pres-  of  the  dutch  pedal  to  he  required  plane,  and 

sure  and  positive  engagement.  The  driven  plate  *  link  that  connects  the  cross  shaft  to  the 

incorporates  a  damper  assembly  in  the  hub  to  throwout  lever.  Refer  to  figures  02-01  and  02-2. 

minimize  transmission  of  torsional  vibrations  Pressing  the  clutch  pedal  moves  the  external 

from  engine  to  transmission,  and  cushion  end  of  the  throwout  lever  toward  the  reaiyf 

springs  to  provide  smooth  engagement  of  en*  the  vehicle.  The  throwout  lever  pivots  and  " 

gine  power.  slides  the  throwout  bearing  forward  to  dis- 
engage the  clutch. 

02-2.  Clutch  Maintenance 

To  obtain. fiormal  life  and  satisfactory  per-  ^  C,u,ch  Llnka9e  Adjustment, 

formance  from  any  dutch  it  must  be  correctly  Refer  to  figures  02-01  and  02-2. 

operated  and  properly  maintained.  Two  condi-  To  adjust  cM  |infe      the  fo„owilur  adjust. 

tions  which  shorten  clutch  life  are  continuous  ment      ^  3hou|d  be  fo|,owed. 

operation  of  the  clutch  release  bearing,  and 

clutch  slippage.  The  clutch  release  bearing  is        a.  Disconnect  the  adjusting  rod  from  the  - 

designed  for.  intermittent  use.  If  run 'con:  clutch  pedal.  Turn  the  adjusting  mil  in  or  out 

tinuously  the  bearing  lubricant  will  become  of  the  clutch  bracket  "to  position  the  clutch 
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Figure  02-1.    Clutch  pvdal-to-tne  panel  measurement. 

pedal.  Hold  a  ruler  perpendicular  to  the  toe- 
riser  panel  and  adjust  pedal  stop  until  top  of 
clutch  pedal  pad  is  71/2  in.  minimum  from  toe 
riser  panel  to  1W  above  the  brake  pedal,  as 
shown  in  figure  02-1.  1 

b.  With  the  clutch  pedal  positioned  up 
, against  the  adjusting  bolt,  adjust  the  length  of 
'the  rod  so  that  itscan  be  connected  to  the  pedal 

with  a  49  angle  maintained  between  the  frame 
and  cros*>  shah  at  the  point  indicated  in  figure 
02-2. 

c.  To  tfdjusU-  clutch  |ree.  pedal,  adjpt  the 
cross  *hiift-lf>-Lhr.  wout  lover  lirik  so 'that  the 
clutch  pedal  can  be  pressed  %"  to  I"  before 
clutch  disengagement  starts. 

02-5.  Clutch  Pressure  Plate  and  Disc 

02-6.  Clutch  Pressure  Plate  and 
Disc  Removal 

The  follov^iig  procedure  covers  removal  of  the 
clutch  disc  and  pressure  plate.  Refer  to  figure 

*  01-13.  section  01.  ^ 

a.  Refer  to  transmission  section  (07)  for  the 
,  removal  of  the  transmission. 

b~  Remove  the  lower  housiryj^over  from  the 
flywheel  housing. 

r.  Mark  the  clutch  cover,  p:  e  s  ire  plate  and 
flywheel  so  that  the  originarassemblj  positions 

*  can  be  r^torerf  during  reassembly.  Refe'/  to 
figure  02-3. 
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1  Adjusting  rod 

2  Adjusting  bolt 


3    49*  angle 


Figure  V2-2.  Clutch  linkage  and  clutch  pedal 
adjustment*. 

d.  When 'removing  the  clutch  cover  from  the 
flywheel,  loosen  each  cap  screw  a  few  turns  at 
a  time  until  the  spring  tension  on  the  cover  has 
been  released.  The  clutch  cover  is  a  steel 
stamping  which  could  be  distorted  by  incorrect 
removal,  resulting  \n  clutch  chatter  or  shifting 
.  tfiflicultiqs^when  reinstalled. 

02-7.  Release  Bearing  Yoke  and  Shaft 

Refer  to  figure  02-4. 

If  the  release  bearing  yoke  or  shaft  should  be 
bent,  cracked,  or  excessively  worn  it  can  be  re- 
moved as  follows:  ^ ' 1  ) 

<j.  Cut  the  lockwire  and  remove  the  lock 
screw.  Remove  thence  spring.  | 

h.  Pull  the  shaft  from  the  clutch  housing. 
Jemove  the  yoke.  , 

,  v.  To  install  the  release  bearing  yoke  and 
rhaft,  reverse  the  removal  procedure.  Torque 
the  lock  screw  28  to  30  Ib-ft.  • 

02-8;  Pilot  Bushing  , 


Inspect  Mhe  transmission  main  drive  gear 
bushing  loca  ed  in  the  center  of  the  crankshaft 
If  the  bushing  is  excessively  worn  or  damage^, 
replace  it  as  follows:  > 
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1  Cover,  pressure  plate 

2  Spring,  anti-mtui 

3  Spring,  pressure 

4  Plate  and  hub,  driven 

5  Plate,  pressure 

6  Pin,  release  lever 


7 
8 
9 
10 
U 
12 


Bolt  and  nut 

Lever,  pressure  plate 

Strut,  pressure  plate 

Clutch,  assembly  (lessjriven  plate) 

Bolt,  hex  hd.f  ft "-16  FR" 

Lock  washer, 


Figure  02-.1.  Component  parts  of  clutch. 


a. "  Screw  The  taperecT'end  of  a  pilot  bushings  .  >-\ 
removal  tool  into  the  pilot  bushing. 

b.  Insert  and  rotate  the  puller  until  the  pilot 
bushing  is'forced  from  the  crankshaft. 

c.  To  install  a  new  hushing,  slide  the  bush- 
i»g  into  the  end  of  a  pilob  bushing  installing 
and  burnishing  tool  and  insert  the  bushing  into 
the  crankshaft  A  soft;  hammer  .can .be  used 
against  the  tool  to  help  drive  the^bushmg  in  - 
place. 

d.  Remove  the  installing  and  burnishing  tool 
by  tightening  the  cap  *nd  pressure  nut.  The 
bushing  will  be  burnished  to  she  as  the  tool  to 
removed; 


t    Sleeve  • 

2   Gluten  release  bearing 

Lock  jcr^w 
<t    Ypke  Win* 

5  Release  bea^t^  shaft 

6  Release  bearing  y»»k«- 

F*ft*reQZ-q.  C/ufch  rdtast  ban*?. 


02-9.  Clutch  Lever  Adjustment 
Important :   Always  Inspect  r8£ase 


height  adjustment 
clutch  (luve  plare\ 


when  installing 


lever 
3  new 
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The-tluich  pressure'  plat*  adjustment  must  be 
checked  before  installing  a  now  clutch.  The 
proper  8P**er  thickness  and  gauge  length  for 
-  the-  clutch  is  listed  in  paragraph  02-10.  The 
gauge  and  spacers  can  .be  fabricated  as  de- 
scribed" in  'paragraph  OTJ-U.  Proceed  w  fol- 
lows: 

a  Place  the  .305"  spacers  between  the  pres- 
sure plate  face  and  the  clutch  adjusting  fixture. 
Locate  the  spaters  under  the  pressure  plate 
fingers  and  at  the  center  of  the  pressure  plate 
.  face."'  P 

b  With  the  spacers  properly  installed,  bolt 
the  pressure  plate  to  the  adjusting  fixture, 
braw  the  bolts  down  evenly,  a-little  at  a  time, 
thitil  they  are  tight 
'  \  Using  the  115A«  gage  length,  check  the 
lever  adjustments 

d  Turn  the  lever  adjusting  nut  until  the  top 
of  the  fingers  touch  the  1*%,"  step  on  the  fab- 
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ricatad  gauge-  Before  Btaking  the  tfdjuittng  ^ 
rtuts  to  lock  them  in  place,  work  the  levers  up  " 
and  down  and  recheck  the  adjustment  again.-  -  - 
Stake  the  nut  with  a  dull  punch. 


1  Counting  fixture        2   Spacers       3  Gauge 
Figure  02-5.  Clutch  adjusting  fixture. 
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02-10.  Clutch  Adjusting  Fixture  Data 

02-11.  Fabricating  teh  ClutchvFixture 

a.  For  the  mounting  fixture,  as  shown  in 
figures  02^5  and  02-6,  select  a  flat  steel  plate 
1"  x  12"  x  12".  4 

DrilLand  tap  sbcequally  spared  holes  %"  x  16r 
thread  on  a  15%"  diameter  b\lt  circle, 

6.  From  steel  bar  stock  anyWse  from  W  to 
iWt  make  three  spacers  .305  of  an  inch 
thick.  Each  spacer  should  be  hardened  and 
ground  to  size  and  the  dimensional  thickness 
stamped  thereon. 

c. '  From  flat  bar  stock  at  least  W'  thick 
make  a  gauge  as  shown  in  figure  02-7.  Harden, 
grind  to  size,  and  stamp  siz^s  on  the  gauge. 


'  '     ■  1 
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Figure  (>2-7.  Gauge  fabricating  dimensions, 
WW  C — I*  Dr-2*  E-l" 

A" 

02-12.  Clutch  Lever  Positions*  \^ 

When  the  Clutch  pedal  is  depressed,  the  release 
bearing  is  moved  toward  the  flywheel  and  con- 
tacts the  inner  ends  of  the  release  levers.  Each 
lever  is  pivoted  on  a  floating  pin  which  remains, 
stationary  in  the  lever  and  rolls  across  a  short 
flat  portion  of  the  enlarged  hdle  in  the  eyebolt. 
The  outer  ends  of  the  eyebolts  extend  through 
holes  in  the  stamped  cover  and  are  £Jted  witl# 
adjusting  nuts  to  secure  the  levers  in  the  cor- 
rect posifhfcl'  The  outej-  e'n^s  of  the  release 
levers  en|igfe  the  pressure  plate  iugs  by  medns 
of  fulcrums,  which -provide  knife-edge  contact 
between  the  outer  ends  of  the  levers  and  thedtf 
lugs.  "  £ 

02-13.  Clutch  Installation 

The  procedure  for  the  installation  <jf  the  clutch 
is  .as  follows: 
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a.  Place  a  small  "amount  of  light  cup  grease 
in  the  pilot  bushing. 

6.  Install  the  clutch  disc  with  the  short  hub 
facing  the  flywheel. 


r.  Install  the  pressu^  plate,  properly  align 


ing  the  marks  made  on  removal. 

d.  Vsv  clutch  disc  nligninir  arbor  W-3u7  or 
a  spare  transmission  main  drive  gear  to  hold 
the  clutch  dine  in  place  while  installing  the 
pressure  plnte-to-flywheel  bolts. 

e.  Tighten  the  pressure  *  plate-to-flywheel 
bolts  evenly,  a  little  at  a  time.  Torque  these 
bolts  25  to  35  lb-ft. 

/.  Replace  the  release  bearing. 

g.  Refer  to  transmission. section  (07)  for  the 
installation  of  .the  transmission. 

02-14.  Clutch  Thr^out  Release  Bearing 

The  clutch  throwout  or  release  mechanism  con- 
sists of  a  release  bearing  and  sleeve  assembly 
pivoted  on  a  release  bearing  yoke  mounted  on 
a  cross  shaft  which  is  mounted  in  bushings  at 
•both  sides  of  the  clutch  bell  housing. 

Never  wash  the  .clutch  release  bearing  in  gaso- 
line or  any  solvent  that  will  dissolve  the  lubri- 
cant. It  is  neither  necessary  .or  possible  to 
lubricate  this  bearing  at  any  time.  Connect 
linkage  to  the  throwout  release  lever/ Adjust 
free  play  as  directed  in^MH^h  02-4.  , 

02-15.  Clutch  Housing'  Alignment 

Misaligned  clutch 'housings  can  cause  improper 
clutch  release,  driven  plate  failure,  front 
transmission  bearing  failure,  uneven  wear  in 
(^-ankshaft  pilot  bushings,  clutch  "cackle" 
noise,  vibration  andr  iji  extreme  cases  of  mis- 
alignment, "jumping  out  of  gear'*  on  de:elera- 
tion.  Should  any  of  these  malfunctions  occur, 
the  rear  face  of  the  flywheel  housing  should  be 
checked  for  alignment  and*  concentricity  ot 
.transmission  pilot  "fibre  with  center  line  of 
crankshaft,  as  follows; 

a.  Install  a  clutch  shaft  aligning  tool  in  the 
crankshaft  pilot  bushing  and  mount  dial  in- 
dicator on  the  end  of  the  tool.  The  clutch  shaft 
aligning  tools  may  be  altered  to  insure  a  ,^ecun» 
fit  in  the  pilot  bushing  in  the  crankshai't.  Saw 
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r  Figure  01-8.  Dial  indicator  location, 

a  slot  down  approximately  one  inch  inrthe  end 
of  the  tool  thafcenters  the  pitefbushing.  Spread 
the  end  of4iv^x>l  with  a  thin  chisel  stf  that  the 
tool  fit^  securely  in  the  pilot  bushing  when 
tapped  into  place. 

6.  Install  diaJNndicator  on  the  tool  and  locate 
the  indicator  ^sotfiat  it  contacts  the  rear  face 
of  clutch  housing  approximately  y8"  from  the 
edge  of  the  rear  opening  (figure  02-8). 

Note,  Dial  indicator  holding?  tool  must  be  held 
firmly  in  crankshaft  pilot,  bushing  when  taking  either 
reading,  V 


<%  Check  ^quarenew  of  face  of  houttaff  by 
turnimr4)ie  cran^thnft  Total  indicator  reading 
uhoulri  tfot  oxreed  ,008".  Or*nk»hiifl  end  pity 
must  bo  held  to  tero  whon  checking  face  ftUfn* 

ment*    *  %  -    —    — -  —  ,   ? 

d.  T<>  correct  indlcnUd  miwllgnmcnt  of  the 
clutch  housing,  install  $hlm*  between  the  clutch 
housing-  and  the  engine  to  clutch  housing 
spacer  to  bring  the  indicator,  reading  on  the 
face  of  .the  housing  within  the  specified  limits. 

To  install  the  shims,  loosen  the  clutch  housing 
assembly  and  locate  shims  where  necessary  by 
loosening  the  bolts  and  inserting  the  shims  in 
place.  Tighten  the  bolts  and  recheck  the  face 
alignment  Total  indicator  reading  on  the  face 
of  the  flywheel  housing  should  not  exceed 
.005".  'Relocate  shims  if  necessary  to  bring 
reading  within  limits.   

e.  To  check  bore  alignment,  locate  the  dial 
indicator  on  the  inside  diAmeter  of  the  rear 
opening  of  the  clutch  housing.  Rotate  the 
-engine  and  note  the  indicator  reading  at  four 
.equally, spaced  points.  Total  indicator  reading 
must  not  exceed  .005". 

/.  Any  change  in  face  alignment  will  change 
bore  alignment  Therefore,  it  may  be  possible 
to  correct  bore  alignment  by  changing  the  face 
alignment  Where  it  is  impossible  to  correct  the 
bore  alignment  to -a  maximum  of  .005"  run-out 
with  change  of  face  alignment  (not  to  exceed 
.005")  replace  the  housing.  ♦ 


02-16*  Service  Diagnosis  * 

Clutch  Chatter:  v 

'  Grease  on  the  clutch  driven  plate  facings  ------  i_  Install  new  driven  plate 

>  Binding  of  the  clutch  linkage   11 —  .   Free  and  adjust  linkage 

Loose  or  damaged  clutch  driven  plate  facings  Install  new  driven  plate 

Loose  engine  mountings'-  ,    Tjghten  mounting  screws 

Incorrect  adjustment  of  clutch  pressure  levers  Adjust  levers  • 

Misalignment  of  clutch  housing  *  Align  clutch  housing 

Loose  driven  plate  hub'—  v~  —   Install  new  driven  plate 

Clutch  Grabbing: 

Oil  or  grease  on  clutch*  driven  plate  facings   Install  new  driven  plate 

Broken  pressure  plate    Replace  'presure  plate 

Clutch  driven  plate  binding  on  transmission  -  * 

'clutch  shaft   —  ----   ,  Correct  binding.  Replace  parts  if  damaged 

Clutch  Slipping:                                             *  * 

Incorrect  adjustment  of  clutch  pedal'  ,   -sldjust  pedal 

Lack  of  lubrication  in  clutch  linkage* — -  -  Lubricate 

v  Broken  clutch  pressure  springs  ,   Replace  springs  .  ^ 

V  Weafc  pressure  springs  „~  fteplace  springs-         )  ' 
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Clutch  Dragging : 

V,  ^Incorrect  adjustment  of  clutch  pedal  -^zrzr 

Incorrect  pmturc*lever"mJjus§ncnt   JIT™ 

Loom  or  broken  fadnga  —  

Bent  or  dished  clutch  driven  plate  due  to 

overheating   

* 

02-17.  Clutch  Spexrficotiorts 

Clutch  size  and  type     10.50* 

Dry  Plate 

Rated  Torque  Capacity  _  _  290  lb-ft 

Disc: 

Outside  Diameter    10.6* 

/      Inside  Diameter   6.5* 


an 
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Adjust  clutch  linkage^ 

"Adjust  pressure "  *  Y         '  ~  *  * 

Install  new  driven  plate 

Install  new  driven  plate 

r 

Area,  (Sq.  In.)  ~   106,75*  * 

Facing  Thickness    0.125*   

Pressure  Plate*.   40.60* 

Springs: 

Total  Pressure  Jl.   1640  lb. 

No.  of  Springs  \-   9 


-J 
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,  .   11-1  * 

General  -    7  -      ■  1t  0 

Rc*r  axle*shaft  removal  and  installation        — 11-*  _ 

Rear  axle  assembly 

Differential  bearing  preload  and  ring  gear 

backlash  adjustment   -  ^  ^ 

Differential  side  gear  adjustment  

Axle  assembly   

Axle  disassembly  1 1Z3 

Inspection  and  servicing  11 

Pinion  and  differential  cone  and  roller 

removal   -  -  JJ 

Pinion  bearing  cup  removal   -   ' 

Rear  axle  assembly  rrmoval  

Rear  axle  assembly  installation    ]t 

Trouble  shooting  differential    

Service  diagnosis     ~.  -  -   

Rear  axle  specifications  11-10 

11*1.  General 

Full-floating  front  and  rear  axles  are  standard 
on  the  vehicles.  * 
The  axle  model  numberls  cast  into  the  housing 
as  illustrated  in  figure  11-1. 
A  metal  tag  under  two  of  the  differential  hous- 
ing cover  screws  is  stamped  to  identify  the 
number  of  teeth  in  the  drive  gear  and  pinion, 
figure  11-1.  To  determine  the  axle  ratio,  di- 
vide the  larger'number  (ring  gear  teeth)  by 
the  smaller  number  (pinion  teeth).  This  sec- 
tion contains  information  for  servicing  'the 
rear  axles.  Information  for  wheel  £earing,ad- 
justment  is  given  in  section  13. 

11-2.  Rear  Axle  Shaft  Removal  and 
Installation 

Refer  to  figure  11-2. 

To  remove  the  full-floating  axle  shaft,  it  is  not 
necessary  to  jack  up  the  rear  wheels.  Pro- 
cedure is  as  follows: 

(  a.  Remove  the  axle  flange  nuts,  lockwashers, 
lift  hook  bracket,  and  split  washers  holding  the 
a)cle  shaft  flange^. 

(    '  ,  (19 
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1    Ratio  2   Axle  model 

Ftfwe  1 1-1 .  Axle  model  and  ratio  identification.  , 

b.  Pull  the  axle  shaft  free  from  the  housing. 

c.  A  broken  axle  shaft  can  be  removed  from 
a  full-floating  axle  by  removing  the  opposite 
axle  shaft  and  inserting  a  pi$e  which  will  drive 
the  broken  axle  shaft  out 

The  installation  of  the  rear  axle  shaft  is  the  re- 
verse of  the  removal. 

11-3.  Inspection  and  Servicing 

Refer  to  figure  11-2.  .  ' 

Servicing  of  the  differentials  of  both  front  and 
rear  axles  ,is  covered  in  parasrraph  11-5 
through  11-11.  Before  disassembling  tht  dif- 
ferential it  is  advisable  to  determine  through 
inspection  the  cause  of  the  failure.  Inspection 
procedure  is  as  follows:  ^ 
a.  Drain  lubricant  and  remove  housing  cov-v. 
er  and  gasket  ^ 

Clean  the  differential  parts  thoroughly 
with  solvent  ' 
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1  Differential  bearing  cup 

2  Differential  bearing  cone  and  rollers 

3  Shim* 

4  Differential  case 

6  Differential  gear  set 
f>  Ring  gear  and  pinion 

7  Pinion  inner  bearing  cone  and  rollers 

8  Pinion  inner  bearing  cup 

9  Pinion  shims 

10  Axle  housing 

11  Vent  plug 

12  Pinion  outer  bearing  cup 

^13  Pinion  outer  bearing  cone  and  rollers 
i  14^  Oil  slinger 

15  Yoke  gasket 

16  Pinion  oil  seal' 
»17  Yoke 

18  Washer 

19  Nut 

20  Nut 

21  Lock  washer 

22  Nut  * 

23  Outer  bearing  cone  and  rollers 

24  Outer  beari  ng  cu  p 


25  Inner  bearing  cup 

26  Inner  bearing  cone  and  rollers 

27  Seat 

28  Druin  plug 

29  Bolt 
80  Nut 

31  Lock  washer y 

32  Lifting  bracket 

33  Spacer 

34  Split  lock  washer 

35  Axle  shaft 

36  Gasket 

37  Hub  1 

38  Brake  drum 

39  Brake  assembly  '  * 

40  Wheel  ffig  nut 

41  Ndt 

42  Dust  plug 

43  Cap  screw 

44  Cover  gasket      A  * 

45  Housing  cover  ^ 

46  Screw  and  locker  washer 

47  Filler  plug 

48  ("an  ->crew        *  4 


Figurv  it  -f>.  Full  floating  rrnr  axle. 
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refully  iaspect  all  parte. 

Should  it  bt  determined  py  inspection  that  the 
differential* requires  overhauling,  the  axle  must  ■ 
first  be  removed  from  tlie  vehicle. 

 Nvtt.—A  1  l-^rvke-rephscement  -axle  -*uemblie*-aFe— 

shipped  from  the  factory  without  lubricant  in  the 
differential.  Lubricant,  must  be  added  to  the  dif- 
ferential before  the  axles  are  installed  in  vehicles. ' 
Use  the^grade  and  quantity  of  lubricant  specified  in 
the  appropriate  service  manual.  After  the  axle  has 
been  installed-  in  the  vehicle,  check  to  be  sure  the 
lubricant  leveV  in  the  differential  is  up  to  the  filler 
plus  opening. 

11-4.  Rear  Axle  Removal 

To  remove  the  rear  axle,  proceed  as  follows; 

a.  Raise  the  rear  of  the  vehicle  with  a  hoist. 
Safely  support  the  frame  ah$ad  of  the  rear 
springs. 

8.  Remove  the  wheels. 

c.  Disconnect  the  propeller  shaft  at  the  rear 
yoke. 

d.  Disconnect  the  shock  absorbers  at  the  axle 
mounting. 

e.  Disconnect  the  brake  hydraulic  hose  at 
the  bracket  on  the  tubular  cross  member  near 
the  right  frame  side  rai\  Tape  .end  of  hose  to 
keep  out  dirt.  Disconnect  Breather  hose. 

/.  Support  the  axle  on  a  jack. 

g.  Remove  the  axle  U4x>lts\ 

h.  Slide  the  axle  from  under  the  vehicle. 

11-5.  Axle  Disassembly  > 

Refer  to  figure  11-2. 

Procedure  for  disassembling  the  differential  on 
full-floating  axle  is  as  follows: 

a.  Remove  the  axle  shafts.  Refer  to  para- 
graph 11-2  for  rear  axle  removal. 

b.  Remove  the  housing  cover  and  four  cap 
screws  holding  the  two  differential  side  bearing 
caps  in  position.  Make  sure  there  are  matching 
letters  or  some  type  of  identification  marks  on 
the  caps 'and  housing^so  that  each  cap  can  be 
reinstalled  in  the  same  position  and  location 
from  which  it  is  removed.  * 

c.  Use  Spreader  W-129  as*shown  in  figure, 
11-3  to  spread  the  housing  Install  hold-down 
clamps,  to  keep  the  spreader  in  position.  Clamp 
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1  Spreader  W-129 

2  Dial  indicator  and  pointy 

3  Dial  indicator  clamp 

F ifjure  1 1       Diff eren  tial  cwrriir  gvrender. 


on  a  dial  indicator.  From  the  side,  measure  the 
carrier  spread,  Do  ncrt  spread  the  carrier  more 
than  .02©"'. 

<f.  Remove  the  dikl  indicator. 

"^Carefully  pry  the  differential  case  loose, 
using  pry  bars  at  the  heads  of  the  ring  gear 
bolts  and  carrier  casting.  - 

/^Remove  spreader  iihmediately  to  preVent 
the  possibility  of  the  carrier  staking  a  set 

g.  Remove  the  screws  holding  the  ring  gear 
to  the  differential  c^se. 

h.  Mark  the  case  halves  for  reassembly  in 
their  same  relationship. 

i.  Separate  differential  e^e  halves  by  re- 
,  moving  attaching  cap  screws. 

Carefully  so  ,as  not  to  lose  the  thrust 
washers,  remove  the  differential  gear  set. 

it.  With  Tool-  C-3281  to  hold'  the  shaft,  as 
shown  in  figure  11-4.  remove  the  ~ut.  Wi-fcri 
Puller  VV-172  re&ove  the  yoke  .as  shown  in 
figure  11— 5, 
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1    Nut  2   Wxench  (>-3281  3  Yofce 

Figure  12— -4-  Etui  yo&e  holding  wrench. 


1,  Tool  W-286 

Figure  US.  Pinion  oil  $eal  puller. 

i 

front  axle,  use  Tool  DD-914P  with  Holding 
Ring  DD-914-8  and  Adapter  DD-9l4r-62,  as 
shown  in  figure  11-7. 

b.  To- remove  the  Model  70  rear  axle  pinion 
inner  bearing  oorte  and  rollers,  use  Tool  .DjD-' 
914P  with  Holding  ^Ring  DD-914-8  and  Adapr 
ter  DD-Dtl-95,  as  shown  in. figure  11-8.  To 
remove  the  Model  60  front  axle  pinion  bearing 
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Figure  li-5.  End  yoke  puller. 


I  Remove  pinion  Qil  seal  using  Pinion  Oil 
Seal  Puller  W-2S6,  £s  shown  iif  figure  11-6. 

m„  With  a  hammer  afnd  brass  drift,  drive  on 
the  end  of  the  pinion  shaft  to  force  the  pinion 
into  the  differential  housing  so  that  it  may  be 
removed. 

11-6.  Pinion  and  Case  Bearings 

Refer  to  figure  11-2. 

•  d.  To  remove  differential  bearing  cones  and 
rollers  on  model  70  rear  axle  and  'model*  60" 


±1  ,4vH 

1  Press  *  3    Holding  ring" 

2  AdaDfcf  DD^14-62 

i(p*r*  11-7.  Differential  i^ntinfs  com  *ult? 

removal.  9 
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3    Holding  ring  DD-914-8 
Figure  US.  Pulling  n.ntt  pinion  hearing. 


1  Press  DD-914-P 

2  Adapter  DD-914-95 


cone  and  rollers,  use  Tool  DD-914P  with 
Holding  Ring  DD-914-9  and  Adapter  C-293- 
37.  When  using  an  Arbor  Press,  DD-914-7 
Extension  and  DD-914-42  Button  are  used 

11-7.  Pinion  Bearing  Cup  Removal 

Refer  to  figures  11-9  and  11-10.  ) , 
T6  remove  the  pinion  inner  and  outer  bearing 
cups,  use  Tool  W-100-60-70,  with  its  adapter 
relates.  Remove  the  inner  bearing  cup  first. 
Procedure  for  removal  is  as  follows: 

a.  Remove*  "the  hex  nuts  from  each  end  of 
Tool  W-100-60-70. 

b.  From  the  housing  cover  end,  carefully  in- 
sert the-  rounff  adapter  with  two  fla$  sides 
through  the  inner  bearing  cup  and  position  it 
behincftfre  bearing  cup  Shoulder. 

c.  Insert  the  short-threaded  end  of  the  main 
puller  screw  through,  the  hole  in  this  adapter 
and  secure  the  adapter  with  a  hex  nut. 

d.  Position  the  plate  across  the  open^face  of 
the  differential  housing  and  secure  with  -a  hex 
nut  ♦ 

e.  ,Make  sure  the  adapter  plate  sets  flat 
dgainst  the  pinion  rear  bearing  adjusting 
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1   Bemrin*  cup 


2  Tool  W-100-*(M0 


Figure  11-9,  Pinion  inner  bearing  cup  removal 

shims.  Turn  down  the  nut  to  remove  the  bear- 
ing cup. 

.JE.  Remove  Tool  W-100-60-70  from  housing 
cover  end- 

g.  Attach  Tool  W-ldb-60-70*at  yoke  end 
of  housing. 

h.  Insert  adapter  behind  shoulder  of  outer 
bearing  cui>. 

i.  Make  sure  the  adapter  plate  sets  fiat 
against  the  pinion  outer  bearing  adjusting 
shims.  Turn  down  the  nut  to  remove  the  bear- 
ing cup. 

1 1—8.  Pinion  Installation  and  Adjustment 

Adjustment  of  the  pinion  is  accomplished  by 
the  use  of  shims  placed  between  the  inner  bear- 
ing and  the  axle  housing  and  between  the  pin- 
ion shoulder  and  the  outer  bearing.  The  shims 
behind  the  inner  bea&ring  adjust.the  position  of 
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Figure  li-10.  Pinion  outer  beanra  mh  rrrfoval. 
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1   Tool  W-10O-6O-70  2  Outer  bearing  <?op 

Figure  11-11.  Installing  outer  bearing  cup. 

pinion  in  relation  to  the  ring  gear.  The  shims 
behind  the  outer  bearing  adjust  the  pinion  in- 
ner and  the  outer  bearing  preload.  Install  the 
pinion  as  follows: 

a.  Install  outer  bearing  cup  using  Tool  W- 
100^-60-70,  as  shown  in  figure  11-11. 

6.  Install  the  inner  bearing  cup  using  Tool 
100-60-70,  to  pull  the  cup  into  the  housing. 
See  figure  11-12. 

e.  Use  Tool  C-3095  to  press  the  inner  bear- 
ing cone  and  roller  onto. the  pinion  shaft,  df 
shown  in  figure  11-13. 

Note.  On  the  model  60  front  axle,  install  inner 
pinion  oil  slinger  onto  the  pinion  shaft  before  press- 
ing inner  bearing  onto  the  opinion  shaft 

d.  Place  the  pinion  in  the  housing  and  in- 
stall'a  ,065"  shim,  the  inner  cone  and  roller, 
and  the  pinion  nut- 
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1,  Tool  W-10O-70  ■  2   Inner  bearing:  cup 

C  Figure  11-12.  Installing  inner  bearing  cup. 
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1   Sleeve  C-3095      >  a. 
Figure  11-13.  Pinion  bearing  installing  ileeve. 

f.  Select  the  proper  pinion  adjusting  gauge 
to  obtain  the  correct  reading.  The  pinion  ad- 
justing fixture  must  first  be  *et  by  the  use  of 
a  master  gauge  which  is  included  in  the  W-99- 
B-60-70  kit.  The  gauge  blooK  supplied  with 
the  W-99-B-60-70  Master  Gauge  Set  is 
stamped  with  the  letter  J.  Use  the  J  step  for 
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Dial  indicator 
Gauge  block 


Stationary  pin 
C-ciamp 


'Figure  11-14.  Setting  pinion  gear. 


setting:  the  Model  60  axle  pinion  and  the  oppo- 
site side  wh*u  setting  the  Model  70  axle  pinion* 
See  figure  11-44. 

-'  Notes  When/  setting  Model  70  axle  differentials,. 
Spacer  W-99-19  must  be  inserted  on  the  stationary 
pin  between  th<*  housing  (No.  10,  flg.  11-15)  and 
the  pinion  head.  x 

After  selecting  the  proper  gauge,  the  adjusting 
fixture  can  be  set  as  follows; 

/.  Place  the'  gauge  block  against  the  ma- 
chined surface  of  the  dial  indicator  faount.  See 
figure  11-14,  ^  . 

g.  Set  the  dial  indicator  on  zero  by  rotating 
the  face.        K  '  9 

h.  Install  the  pinion  adjusting  fixture  on  the 
pinion  with  the  stationary  guide  pin  and  the 
adjustable  guide  pin  seated  in  the  pinion  shaft 

.  lathe  centers,  as  shown  in  figure  11-15. 

i.  Seat  the  gauge  mount  firmly  on  the  pin- 
ion head  and  swing,  the  dial  indicator  through 
the  differential  bearing  bore  as  shown  in  figure 
11-16.  The  lowest  r&ding'indicates  the  center 
bf  the  differential  bearing  bore.  At  this  point 
the  dial  indicator  should  read  the  same  as  mark 
etched  on  the  pinion  head.  If  the  reading  does 
not  agree,  add  "or  remove  shims  ^behind  the 
bearing  cup  runtilxhe  readings  agree. 


Dial  gauge  twin*  arc  7 

Pinion  8 

Flange  9 

Yoke  10 

Thumb  screw  11 

Guide  pin  12 


C-damp 
Sleeve 

Inner  bearing 
Housing 

Stationary  tfuide  pin 
Pinion  housing  g 


Figure  tl-15.  Pinion  adjusting  fixture. 


/.  When  the  correct  adjustment  is  reached, 
remove  the  pinion  adjusting  fixture  and  sleeve.  • 
Install  outer  bearing. 

k.  Install  only  the  oil  slinger,  the  yoke,  the 
flat  washer,  and  the  pinion  nut.  Holding  the 
yoke  with  Flange  Holder  C-3281,  torque  the 
nutjSS  to  275  lb-f t^ftfull-floating  rear  axle 

I  Using  Inch-Pound  Torque  Wrench  on  the 
nut  check  the  rotating  torque.  The  rotating 
*torque  should  be  10  to  25  lb.  inchet. 

Note,  Disregard  starting  torque. 

m.  Add  or  remove  shims  between  the  pinion 
outer  bearing  and  the  pinion  shaft  to  obtain 
correct  torque  reading. 

11-9.  Adjustment  of  Differential  Side  Gear 

Clearance  between  the  differential  side  gears 
and  differential  case  should  be  .000"  to  .006". 
Procedure  for  checking  clearance  is  as  folbws: 

a.  With  the  differential  positioned  as  shown 
in  figure  11-16,  tap  the  differential  lightly  on 
a  flat  surface, 'so  the  differential  gear*  settle 
into  proper  position. 

b.  Measure  the  clearance  between  side  gears 
and  the  case  with  leaf  teeler  gauge  as  illus- 
trated. 

c.  If  the  clearance  exceeds  ,006",  add  shifts* 
between  the  sicle  gears  and  the  case.  To  bring 
iJie  clearance  within  specified  tolerance,  shims 
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Figure  iJWtf.  Chicking  pinion  adjustment. 


Figure  1 1-17.  Checking  side  gear  clearance* 


\ 

in  th^se  thicknesses  are  available  .004",  .066", 
.008".  If  shims  kre  required,  at  least  one  shim 
should  be  placed  on  each  side  and  the  shim 
packs  kept  as  even  as  possible.  After  adding 
shims,  repeat  the  clearance  check. 

11-10.  Axle  Assembly 

Refer  to  figure  11-2. 

a/  Assemble  the  differential  gear  set.  t 

ft.  Install  the  differential  gear^ set  in  the 
differential  case.  Align  the  marks  made  on  dis- 
assembly and  fasten  the  case  together  with  cap 
screws.  Torque  screws  35  to  55vlb-ft 
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Figure  11-13.  t  Installing  inner  oil  $eaU. 
(model  60  front  axle) 

c.  Check  side  gear  clearance  As  described  in 
paragraph  11-9. 

,  d.  Align  the  marks  made  on  disassembly.  In- 
stall the  ring  par  on  the  differential  case. 

e.  Install  cap  screws.  Torque  screws  10ft- 
120  lb-f t.  " 

11-11.  Adjustment  of  Differential  Bearing 
Preload  and  Ring  Gear  Backlash 

Refer  to  figure  11-2. 

The  adjustment  of  the  differential  bearings  is 
maintained  by  the  use  of  shims  placed  between 
fte*  differential  case  and  the  differential  bear- 
ings. Procedure  for  adjusting  bearing*  preload 
is  asfollows:  £p 

a.  Install  the  differential  case  and  bearings 
in  the  axle  housing  -without  shims  and  with 
the  bearing  cups  snug. 

6.  Holding  the  ring  gear  in  contact  with  ti.1' 
pinion  and  using  a  screwdriver  blade  to  move 
the  differential  bearing  cups  toward  the  center, 
insert  feeler  gauge  on  each  side  between  differ- 
ential bearing  cup  and  the  axle  housing, 

c.  After  the  shim  pack  requirement  for  each 
bearing  has  been  established,  remove  t  he  uifier- 
ential  assembly.  Make  up  shim  packs  and  keep 
them  separated. 

69) 
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1   Driver  (M025 


2  Bearing 


Figure  11-19.  Differential  bearing  driver. 

d.  Add  an  additional  .015"  thickness  of 
shims  to  the  pack  on  the  tooth  side  of  the  ring 
gear. 

e.  Place  the  differential  bearing  shim  packs 
on  the  differential  case  under  each  bearing.  In- 
stall bearings  with  Driver  C-4025.  See  figure 
11-19. 
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Figurt  11-20.  Chtek-ng  ring  gear  hatklash. 
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Figure  11-91.  Pinion  ehaft  oil  $*al  imtalUr. 

Note,  When  overhauling  the  Model  60  front  full- 
floating  axle  differential,  check  the  axle  inner  oil  teala. 

Should  new  seals  be  required,  install  them,  using1  DD- 
1243  Installer  (ftg.  11-18). 

/.  Attach 'the  .  Carrier  Spreader  W^129,  in- 
stall a  dial  indicator,  (figure  IIhJ)  and 
spread  the  carrier  a  maximum  of  .020". 

g.  Remove  the  indicator. 

h.  Lubricate  bearings  and  place  the  differen- 
tial in  the  carrier.  ^ 

i.  Tap  the  unit  carefully  into  place  with  soft 
mallet,  making  sure  the  ring  gear  teeth  mesh 
with  the  pinion  teetljv 

j\  Install^bearing  caps,  matching  their 
markingsl  with  thos^on  the  carrier/ 

k.  App|ly  sealing  compound  to  the  screw 
threads.  ITovque  the.  screws  70  to  90  Ib-fi. 

I  Insjlall  dial  indicator  to  check  ring  gear 
backlash  (figure  11-20).  Check  backlash  at  two 
points.  If  backlash  does  not  fall  within  specifica- 
tions, pirns  shouRl  be  interchanged  between 
the  twd  differential  bearing^  shim  packs  until 
correct  backlash  is  obtained, 

Nfte.  Changing  the  position  of  a  .006"  *him  from 
one  side  to  the  other  will  change  the  amount  of  back- 
lash approximately  .003*. 

m.  Check  ring  sear  for  runout^A  reading  in 
excels  of  .006"  indicates  a  sprung  differential 
dirt  between  the  case  and  the  gear,  or 
rinprgrenr  screws.  N 

After  the  (Jifferential  has  been  assembled 
and  adjusted,  the  pinion  shaft  pi!  seal  should 
be  installed.  *  » 


case, 
loose 
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Figure  U-tt.  Yoke  installing  tool 


o.  Remove  the  sleeve  previously  installe4  in 
place  of  the  yoke.  Install  the  oil  seal  with  Tool 
C-359  shown  in  figure  11-21. 

p.  Install  the  yoke  with  yoke  installer,  as 
shown  in  figure  11-22. 

q.  Install  pinion  nut  and  cotter  pin, 

r.  Install  axle  shafts  and  housing  cover. 


11-12.  Installing  Rear  Axle 

Note.  All  service  replacement  axle  assemblies  are 
shipped  from*  the  factory  without  lubricant  in  the 
differential.  Lubricant  must  be  added  to  the  differ- 
ential before  the  axles  are  installed  in  vetiicles.  Use 


11-*14.  Service JDipgnosis  * 

Symptom* 

Axle  noisy  on  pull  and  coast:- 

Excessive'  back  lash  bevel  gear  and  pinion  ~ 

End  play  pinion  shaft  *  j — 

Worn  pinion  shaft  bearing  

'Pinion  set  too  deep  in  bevel  gear  (too  tiqht) 

Xxle  noisy  on  pull:  '  \ 

■    Pinion  and  bevel  gear  improperly  adjusted 

Pinio\bearings  rough  

Pinion  ^bearing  loose  ,  

Axle  noisy  on  coast:  ,  j 

Excessive  back  lash  in  bevel  gear  and  pinion 

End  play  in  pinion  shaft  

Improper  tooth  contact   

Rough  "bearings  — i  

Back'Mu  # 

Worn  differential  pinion  gear  thrust  washers 
Excessive  back  lash  in  bevel  gear  and  pinion 
Worn  unhMal  joints   
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the  grade  and  quantity  of  lubricant  sptdfitd  in 

tton  B.  -    '  ------- 

'  After  adding  differential  lubricant  suspend  the 
axle  with  the  axle  shaft*  horizontal  aad  tibe 
yoke  end  of  the  pinion  h&ushw  hanging  down, 
then  twirl  the  pinion  shaft  several  times  to  as- 
sure that  the  lubricant  gets  into  the  pinion 
shaft  bearings. 

Procedures  for  installing  the  rear  axle  is  as 
follows: 

<u  Position  the  a*le  assembly  under  the 
vehicle. 

b.  Install  spring  to  axle  pad,  U-bolts,  nuts, 
and  properly  torque. 

c.  Connect  the  shock  absorbers  at  the  axle 
mounting  pads. 

d.  Connect  the  propeller  shaft  at  the  rear 
universal  joint.  « 

_e.  Connectrear  brake  hose  and  bleed  brakes, 

/.  Install  wheels  and  lower  vehicle  to  floor, 

q.  Fill  the  .axle  housing  with  the  "proper- 
lubricant  For  correct  lubricant  refer  to  section 
B.  - 


11-13.  Trouble  Shooting  Differential 

Refer  to  paragraph  11-14,     \  m 


Adjust 
Adjust 
Replace 
,  Adjust*, 

Adjust 
Replace 
"  Adjust  • 


Adjust 
Adjust  ' 
Adjust 
Replace 

Adjust 
Adjust 
Replace 
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11-15.  Rtor^Axk  Sptcificattons 

Mmke   

Model   - 

Drive  pinion  offset  -    

Number  of  differential  pinions   -----  

Gear  ratio    

Rlnjc  K*A?  ouUido.iliiiiiieti»r   - 

Pinion  tiiljttHtment 

Mnion  bearing  adjustment   

A 
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Dans 

v70 

FuU-floatinfrhypoid  gean 
1.12* 
4 

5,87:1 
ld.fi 
Shim  , 
Bhln 
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STEERING  SYSTEM 


) 

'  General    14-1 

Front  wheel  turning:  angle  14-4 

£teerin£  arm   14-6  - 

Steering  gear  assembly    -.14-2 

Steering  linkage       :i4-3 

Front  wheel  alignment  adjustments  14-8 

Camber  adjustment   14-8 

Caster  adjustment     14-9 

Front  wheel  shimmy   .  '  14-10 

Toe-in  adjustment      14-7 

Stering  linkage  service   .14-11 

Steering  connecting  rod  ...    14-12 

Tie  rod  14-13 

Tie  rod  removal  -       .  )  .  .14-14 

Steering  gear    ...  i  ...14-15 

Steering *gear  service       .    . .   ...14-17 

Assembly  of  steering  gear    .   14-19 

Disassembly  of  steering  gear  14-18 

installation  of  steering  gear  .14-22 

Removal  of  steering  gear   14-16 

Steering  gear  bearing  preload  adjustment  .  . .  14-20 
Steering  gear  clearance  adjustment  ..14-21 

Steering  column  and  wheel  service  —  14-23 

Steering  column  assembly   ....  14-29 

Steering  column  disassembly  '  14-28 

Steering  column  installation-  .  ..14-30 

Steering  colupin  removal  "14-27 

Steering  U- joint  coupling   .  14-26 

Steering'  wheel  installation   .    ^<       .  ...14-25 

Steering  wheel  removal  14-24 
Steering  column  adjustments  .  ,  ,  14-31 
Trouble  shooting  ..    .     c  „  '  14-32 

Hartl  steering    14-33 

"Service  diagnosis   ..14-34 

Steering  specifications    14-36. 

14-1.  General 

The  steering  system  consists  of  the  steering- 
gear,  steering  wheel,  steering  column,  flexible 
coupling,  and  steering  linkage.  See  figure  14-V  * 
This  section  covers  wheel  alignment,  steering 
linkage,  steering  gear,  steering  column,  and 
steering  wheel. 

14-2.  Steering  Gear  Assembly 

The  steering,  gear  is  a  reducing  gear.  It  ex- 


changes a  relatively  large  amount  of  movement  L 
.  with  a  small  force  {applied  by  th>e  driver  at  the 
steering  wheel),  for  a  much  smaller  amount  of 
movement  with  a  greatly  increased  force 
(through,  a  cam  and  lever  action).  The  steering 
gear  ratio  is^24  to  1. 

14-3.  Steering  linkage 

Refer  to  figure  14-1. 

The  steering  linkage  consists  of- a  steering  arm 
attached  to  the  steering  gear,  a  connecting  rod/ 
tie  rod,  and  steering'knucldes  integral  with  the 
tie  rod.  Ball  joints  are  used  on  the  tie  rod  and 
steering  connecting  rod  to  maintain  constant 
toe-in  and  good"  steering  control 'under  all  driv- 
ing conditions.  Should  the  ball  joints  be  worn 
enough  to  allow  excessive  free  rpotion  in  the 
linkage,  they  should  be  replaced.  Ball  joint  re- 
placement requires  .resetting^  the  toe-in  adjust- 
ment 

14-4.  Front  Wheel  Turning  Angle 

When  the  front  wheels  are  turned,  the  inside 
wheel  on  the  turn  travels  in  a  smaller  circle 
than  the'  outside  wheel,  therefore,  it  is  neces- 
sary for  the  wheels  to  toe-out  to  prevent  the 
th'e  on  the  inside,  TfrHeel  from  being  scuffed 
sideways.  The  angle  for  toe-out  on  turns-is  de- 
signed to  permit  both"  f^ont  wheels  to  turn 
a  common  center. 


14-5.  Steering  Am*   '  > 

Should  a  steering  arm  become  bent,  the  arm 
must  be  replaced,  and  the^kirCE^le  inspected  fyr 
damage.  *  \ 

14-6.  Front  Whe4l  Alignment  Adjustme 

To  insure  correct  alignment,  a  definite  pro- 
cedure for  inspection  of  the  steering  system  is 
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1  Steering  knuckle 

2  Tie  rod 

3  Steering  gear 

4  Connecting  steering  rod 

5  Pitman  arm' 
S  '  Castle  nut  ' 

Cotter  pin 


8  Nat 


9  Tie,  rod  tube 

10  Clamp 

11  Lock  washer 

12  Nut 

ia  Ball  joint  > 

14  Lubrication  fitting 

15  Rubber  seal 
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Figure  tb-i.  Steering  linkage  tolid  front  axle. 
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Figure  Front  wheel  toe-in  (top  view). 


1   Vertfctlllne  2  Camber 

Figure  Front  wheel  camber. 

recommended  It  is  suggested  that  the  follow- 
ing sequence  be  used: 

a.  Equalize  tire  pressures  and  level  vehicle. 

.  6,  Check  .steerihg  gear  to  steering  column 
alignment 

c.  Inspect  steering  knuckle  pivots,  spindle, 

and  wheel  bearing  looseness. 

* 

d.  Check  wheel  runout* 

e.  Test  wheel  balance  and  bearing  adjust- 
ment 

f.  Check  for  sprinpr  sag. 

g.  Inspect   brakes   and  shock  absorbers. 
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l9  Vertical  line  2   Caafcr  angle 

Figure  Axle  colter. 

h.  Chcfck  steering  gear  assembly  adjustment 
and  steeringjionnectingrocL 

t.  Check  caster.  ♦ 
j.  Check  toe-in. 
&.  Check  toe-out  on  turns. 
L  Check  camber. 
t  m.  Check  tracking  of  front  and  rear,  wheels. 


( 


ru  Check  .frame  alignment  Tho  factors  of 
alignment,  caster,  camber,  and  toe-in,  are  all 
interrelated  and  if  one  adjustment  is  made, 
another  adjustment  pmy  be  affeeted.  There-  , 
fore,  after  an  alignment  job  is  completed,  make 
4  complete  recheck  of  ell  *he  adjustments  to  be 
/sure  the  ceili^'ere  within  the  limit.  Be  sure 
'  front SQsptnsion  and  steering  system  nut* 
and  bolts  are  all  properly  tabued  before  taking 
wheel  alignment  readings. 

l4-r7.,  Toe-in  Adjustment 

Note.  Steering  gear  must  be  on  the  "high  spot" 
when  the  wheels  are  in  the  "straight  ahead"  position. 
To  adjust  the  wheel  toe-in,  first  raise  the  front 
of  the  vehicle  to  free  the  front  wheels.  Turn 
the  wheels  to  the  straight  ahead  position.  Use 
as  steady-rest  to  scribe  a.  pencil  line  in  the  cen- 
•ter  of  each  tire  tread  as  the  wheel  is  turned  by 
hand.  A  good  way'  to  do  this  is  to  first  coat  a 
strip  with  chalk  around  the  circumference  of 
the  tread  at  the  center  forming  a  base  for  a  fine 
pencil  lin$. 

Measure  the  distance  between  theuscribed  lines 
at  the  front  and  rear  of  the  whe<fls  usinjr  care 
.  that  both  measurements  are  made  at  an  equal 
distance  from  the  floor.  The  distance  between 
the  lines  should  be  greater  at  the  rear  than  the 
front  by  %2"  to  %2"  To  make  adjustment  to 
obtain  this  distance  loosen  the  clamp  bolts  and 
turn  the  tie  rod  with  a  small  pipe  wrench.  The 
tie, rod  is  threaded  with  right  and  left  hand 
wheels.  Do  not  overlook  retightefting  the  clamp 
threads  to  provide  equal  adjustment  at  both 
bolts  12  to  15  lb-ft 

it  is  common  practice  to  measure  between  the 

wheel  rims.  This  is  satisfactory  providing  the 
-  wheels  run  true.  By  sfcribing  a  line  on  the  tire 
{  tread,  measurement  is  taken  between  the  road 

contact  points  which  will  reduce  error  of  wheel 

run-out. " 

4 

14-8.  Camber  Adjustment 

Correct  wheel  camber  of  Vfa0  is  in  ^e  so,5d 
front  axle  at  the  time  of  manufacture,  and  can- 
not be  altered  by -any  adjustment.  It  is  impor- 
tant that  the  camber  is  the  same,  on  both  front 
wheels. 


J4_9#  Caster  Adjustment 

The  axle  caster  is  preset  at  3 


0  and  should  be 
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checked" on  a  wheel  alignment  fixture.  If  found 
to  be  ifceonrast, '  correction  may  be  made  by 
eitlier  installing  new  parts  or  installing  caster 
ahjms  between  the.  axle  pad  and  the  spring!.  - 
If  the  cumber  and  be-In  are  correct  and  It  is 
known  that  the  nxle  U  not  twisted,  a  *ati*fac- 
-Xory  check  may  be  made  by  testis  the  vehicle 
ot\  the  road.  Be/ore  road  testing,  make  sure  all 
tires  are  properly  inflated,  being  particularly 
careful  that  both  front  tires  are  inflated  to 
exactly  the  same  pressure,*  - 
If  vehicle  turns  easily  to  either  sideljut  returns 
hard  to  straight  ahead  position,  incorrect  cast- 
er is  indicated.  If  correction  is  necessary,  it  can 
usually  be  accomplished  by  installing  shims 
between  the  springs  and  axle  pads  to  secure 
the  desired  result 

14-10/  Front  Wheel  Shimmy 

Wheel  shimmy  may  be  caused  by  various  con- 
ditions in  the  wheels,  axle,  or  steering  system, 
or  a  combination  of  these  conditions.  Outlined 
below  will  be  found  the  usual  corrections  of 
this  fault: 

a.  Equalize  the  tire  pressures, 

b.  Check  the  wheel  bearings  for  looseness. 
Be  sure  that  the  inner  wheel  bearing  race  is  not 
too  loos#e  on  the  spindle. 

c.  Remove  both  steering  knuckles  and  care- 
fully inspect  the  upper  pivot  pin  bushings  and 
lower  pivot  pin  bearings.  Inspect  the  bearing 
cups  for  evidente  of  brinelling,  pitting,  or  fret- 
ting. Any  bearings  that  show  the  slightest 
imperfection  must  be  replaced.  Adjust^  the 

.  pivot  pin  bearings.  Reassemble  and  lubricate 
the  front  axle  and  steering  linkage,  install  new 
steering  knuckle  oil  seaUt  if  present  seals  show 
any  wear. 

<L  Check  wheel  run-out  This  check  should 
include  radial  run-out  and  wheel  looseness  on 
thp^iub. 

e.  Check  wheel  balance.  Check  for  blowou* 
patches,  uniform  tire  tread,  vulcanized  tires, 
mud  on  inside  of  wheels,  and  tires  creeping  on 
the  rims. 

/.  Check  for  front  spring  sag  on  solid  front 
axle  vehicles.  Also  check  for  broken  spring 
'  leaves,  broken  center  spring  bolt,  loose  spring 
clips   (or  tight  clips),  •  over-lubrication  of 
spring  leaves,  spring  shackle  bracket  loose  on 
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frame,  *nd  loose  rear  spring  shackle.  Be  sure 
J     j>    that  the  shock  absorbers  are  operating  proper- 
ly to  eliminate  bobbing  of  the  front  end 

g.  Check  brakes  to  make  sure  that  one  does 
not  drag. 

h.  Check  the  steering  assembly  and  steering 
connecting  rod.  This  includes  the  up  and  down 
play  of  the  steering  worm  shaft,  end  play  of  the 
lever  shaft  tightness  of  the  steering  gear  to 
the  frame,  tightness  of  steering  arm,  adjust- 
ment of  the  steering  connecting  rod,  and  condi- 
tion of  the  steering  tie  rod  ball  joint  ends.  Ad- 
just the  steering  connecting  rod  (drag  link) 
to  maximum  safe  tightness  at  both  ends. 

u  Check  front  axle  caster.  This  should  be 
the  same  on  both  sides,  otherwise  a"  locking 
brake  may  be  indicated  causing  a  twisting  ac- 
tion of  the  axle. 

;.  Check  the  front  wheel  toe-in* 

fc..  Check  wheel  toe-out  on  turns.  This  gives 
an  indication  of  the  proper  angularity  of  the 
steering  knuckle  arms  and  tells  whether  or  not 
they  have  been  bent  and  require  replacing. 
These  may  be  checked  by  comparing  them  "With 
new  parts.  If  an  arm  is  bent,  check  for  a  bent 
tie  rod.  , 

/.  Check  wheel  camber. 

m.  Check  the  steering  axis  inclination. 

ri.  Check  the  tracking  of  the  front  axle  and 
frame  alignment,  either  of  which  may  be  out 
of  alignment 

Steering  Linkage  Service 

Refer  to  paragraphs  14-12  through  14-16. 

14-12.  Steering  Connecting  <Rod 

The  steering  connecting  rod  can  be  removed  by 
removing  the  cotter  pins  and  nuts  from  both 
ends,  and  then  removing  the  rod.  The  steering 
connecting  rod  ball  joints  cannot  be  disassem- 
bled for  service. 

When  installing  the  steering  connecting  rod, 
place  Jhe  wheels  in  ther  straight  ahead  position 
and  place  the  steering  arm  parallel  to  the  cen- 
terline  of  the  vehicle.  Have  the  steering  gear*' 
steering  arm  properly  indexed,  with  line  marks 
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on  the  steering  arm  and  gear  shaft  and  the 
steering  gear  on  center  of  high  point.  With  the 
steering  arm  so  positioned,^ install  the  con- 
necting rod. 

14-13.  Tie  Rod 

The  tie  rod  is  of  thrfee-piece  construction  con- 
sisting of  thejod  (tube)  and  two  ball  and  sock- 
et ends.  Ball  and  socket  ends  are  threaded  into 
the  rod  and  locked  with  clamps  around  each 
end  of  the  rod  (figure  14-1).  Right  and  left- 
.  hand  threads  on'  tie  rod  ends  provide  toe-in 
adjustment  without  removing  the  tie  rod  ends 
from  the  steering  arm. 

14-14.  Tie  Rod  Remove! 

The  tie  rod  can  be  removed  by  removing  the 
cotter  pins  and  nuts  at  the  ends.  To  remove  the 
tie  rod  from  the  steering  knuckle  arms,  us^ a 

-  puller  or  expansion  fork.  Then  separate  ihe 
joint  seals  and  fittings,  if  necessary.  The  tie 

*  rod  sockets  can  be  removed  by  loosening  the 
nuts  on  the  clamp  bolts  and  unscrewing  the 
sockets  from  the  tie  rod  tubes.  When  installing 
the  components  of  the  steering  linkage,  new 
seals  should  be  installed  as  necessary.  All  nuts 
should  be  torqued  38  to  42  lb-f t  * 


Figure  U-S.  Steering  gear.  , 

V 
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The  steering  .gear  want  be  removed  from  thp 
vehicle  in  order  to  adjust  it 

14-16.  Removal  of  Steering  Gear 

a.  Disconnect  the  steering  gear  from  the 
steering  column  by  removing  the  flexible  cou- 
pling to  gear  Allen  head  clamping  screw. 

b.  Disconnect  the  connecting  rod  frota  the 
steering  arm. 

c.  Remove  the  three  bolts  attaching  the 
steering  gear  to  frame.  Remove  steering  gear 
by  sliding  it  slightly  forward  and  to  the  right 
and  lifting.it  but  of  the  engine  compartment 

14-17  Steering  Gear  Service 

Refer  tt>  paragraphs  14-18  through  4-22, 
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14-18.  DiMMftmbfy  of  Steering  Gear 

Jtefer  to  figures  1<M>  and  14-6.  °  - 

a.  Clean  the  exterior  of  the  steering  gear 
Remove  filler  plug  from  the  steering  gear  hous- 
ing and  drain  lubricant  from  the  gear. 

6,  Make  index  marks  on  the  roller  gear  and 
shaft  assembly  and  on  the  steering  arm,  to 
assure  correct  alignment  during  assembly.  Re- 
move nut  and  lock  washer  from  the  shaft  Re- 
move arm  from  the  shaft  with  a  steering  arm 
puller  or  gear  puller. 

Caution:  Do  not  use  a  hammer  or  wedge 
to  remove  the  steering  arm  from  the  roller 
gear  and  shaft  assembly.  This  will  damage 
the  gear  and  shaft  assembly.  * 

c.  With  a  fine  file  or  piece  of  emery  cloth, 
remove  *any  nicks  or  burrs  from  the  exposed 


1  Filler  plug 

2  Cap  screw 

3  Lock  nut 

4  Cover 

5  Gasket  , 

6  Retaining  snap  ring: 

7  Thrust  washer 

8  Adjustment  screw 
9 


10  Needle  bearing 

11  Oil  seal 

12  Steering  gear  housing 

13  Oil  seal 
Steering  arm 
Lock  washer 
Nut 


Worm  gear  and  shaft  assembly 
ba" 


/         AT  14705 

19  Lower  bearing  cup 

20  Thrust  spacer 

21  Shim 

22  End  cover 

23  Cap  3cn»w 

24  Upper  bali  bearing  race 

25  Upper  bearing  cup 


Adjustment  screw  -         i<  S«"V WIU 

Roller  gear  and  shaft  assembly       18    Lower  ball  bearing  race 

Figure  14-6.  Steering  gear-~*xploded  view. 
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portions  of  the  roller  gear  and  shaft  assembly, 
and  from  the  worm  gear  and  sHkft  assembly. 

d*  "Remove  four  attaehingscap  srrews,  side 
cover,  and  gasket  from  the  steering-  gear  hous- 
ingc-When  the  cover  is  removed,  the  attached 
roller  gear  and  shaft  assembly  will  also  be 
withdrawn  from  the  housing. 

e.  Remove  lock  nut  from  the  adjustment 
screw.  Turn  screw  clockwise  until  it  is  com- 
pletely unthreaded  from  the  side  cover;  then 
remove  the  roller  gear  and  shaft  assembly  from 
the  cover. 

/.  Remove  four  attaching  cap  screws  and  the 
end  rover  from  the  steering^  gear  housing* 
Withdraw  worm  gear  and  shaft  assembly  from 
the  housing.  Remove  lower  and  upper  bearing 
cups  and  ball  bearings  from  the  shaft. 

g.  Remove  worm  gear  shaft  oil  seal  and  roll- 
er g,ear  shaft  oil  seal'from  the  housing.  Dis- 
card both  se^ls. 

h.  Clean  all  parts  with  suitable  cleaning  sol- 
vent and  wipe  dry. 

i.  Inspect  the  steering  £ear  housing  for 
cracks,  breaks,  leaks,  or  other  damage.  Replace 

•if  damaged. 

j.  Inspect  the  roller  gear  and  shaft  assembly 
visually  for  wear,  scoring,  or  pitting.  If  neces- 
sary, polish  lightly  with  a  fine  abrasive  cloth. 
Inspect  the  roller  gear  to  assure  that  it  has 
proper  freedom  of  movement  and  lacks  exces- 
sive lash  or  roughness.  Replace  gear  and  shaft 
assembly  if  visibly  worn  or  damaged.. 

A:.  Check  adjustment  screw  of  the  roller  gear 
and  shaft  assembly  for  excessive  end  play.  If 
end  pl$y  exceeds  .015",  remove  the  retaining 
ring,  thrust  washer,  and  screw  from  the  gear 
and  shaft  assembly.  Replace  the  retaining  ring 
if  unserviceable.  Secure  a  new  adjustment 
screw  and  thrust  washer  in  the  gear  and  shaft 
,assembly  with  a  retaining  ring.  ^ 

*  I  Inspect  bearing  suVface  in  side  cover  and  , 
replace  if  visibly  worn  or  damaged. 

Inspect  the  Worm-gear  and  ahaft  assembly 
visually  fox  wear,  scoring,  or  pitting  If*  neces- 
sary, polish  lightly  with  a'  fine  abrasive  cloth. 
Replace  assembly  if  it  is  visibly  worn  or  dam- 
aged 
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Inspect  upper  and  lower  bail  bearings  and  cups 
of  the  worm  gear  and  shaft  assembly  for  wear 
and  damage.  Replace  if^isibly  worn  or  dam- 
aged. 

NoU.  Bearing  balls  moat  be  replaced*  as  a  fall 
set  in  each  bearing.  * 

14-19.  Assembly  of  Storing  Gear 

a.  Position  new  oil  seals  at  the  worn  gear 
shaft  and  roller  gear  shaft  oil  seal  bores  of  the 
steering  gear  housing  with  the  longer  lip  of 
each  seal  facing  into  the  housing.  Press  each 
seal  into  the  housing  with  a  mandrel  of  suitable 
diameter  to  touch  seal  bore  of  the  housing 
.around  its  entire  perimeter. 

b.  Lubricate  worm  gear  and  shaft  assembly 
and  the  upper  ball  bearing  and  cup  with  SAE 
90  gear  oil.  Install  bearing  and  cup  on  the 
shaft  Install  shaft  assembly  in  the  steering 
gear  housing.  Be  certain  that  the  Splined  end 
of  the  shaft  does  not  damage  the  oil  seal. 

c.  Lubricate  lower  end  of  the  worm  gear  and 
shaft  assembly  and  the  lower  ball  bearing  and 
cup  with  SAE  90  gear  oil.  Install  bearing,  cup, 
and  spacer  on  the  shaft.  Position  shims  and  end 
cover  to  the  steering  gear  housing;  attach 
loosely  with  four  cap  screws.  Adjust  bearing 
preibad  as  described  in  paragraph  14-20. 

d.  Position  tapped  hole  of  the  side  cover  to 
the  adjustment  screw  of  the  roller  gear  and 
shaft  assembly.  Thread  screw  counterclockwise 
into  the  c5ver  until  the  end  of  the  shaft  just 
touches  the  inner  face  of, the  cover.  Install  a 
lock  nut  loosely  on  the  adjustment  screw. 

e.  Install  a  new,  gasket  on  the  side  £over. 
Lubricate  gear  of  the  roller  gear  and  shaft  as- 
sembly with  SAE  90  gear  oil.  Insert  gear  and 
shaft  assembly  into  the  steering  gear  housing. 
Be  certain  that  the  end  of  the  shaft  does  nc* 
damage  oil  seal  in  the  h^usir\g.  Roller  Bear  and 
warm  gear  must.mech  to  seat  the  side  cover  to 
the  housing.  Secure  cover  to  the  housing  with 
four  cap  screws.  Torque  cap  screws  18  to  ZZ 
lb-ft.  Adjust  gear  clearance  as  descrtbe<Lin 
paragraph  14-21,  f 

f.  Clamp  exposed  section  of  the  rcllzrj  gear 
and*  shaft  assembly  firmJ^Jna  softrjW  vise 
Observe  index  marks  made  daringJT5a?5fcmbty 
and  position  steering  arm  to  splined  end  of  ih£^J 
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shaft.  Init&U  lockwasher  and  nut  on  ihaft 

threads,  tighten  ««t  Co  draw  arm  into  peniiUofl 
ofcth*  tpllftft, 

q.  Fill  steering  gear  housing  to  the  required 
level  jri  car  position  with  specified  lubricant 

14-20.  Steering  Gear  Bearing  Preload 
Adjustment 

This  steering  gear  adjustment  determines  pre- 
load applied  to  upper  and ,  lower  ball  bearings, 
which  support  the  worm  gear  and  shaft  assem- 
bly. It  is  made  by  adding  to  or  subtracting  . 
from  the  number  of  shims  between  the  steering 
gear  hqusing  and  epd  cover,  with  the  roller 
shaft  assembly  removed. 

a.  If  necessary,  loosen  four  cap  screws 
which  fasten  the  end  cover  to  the  steering  gear 
housing. 

Refer  to  figure  14-8. 

6.  Alternately  tighten  cap  screws  evenly,  but 
only  slightlyi  at  a  time,  and  rotate  the  worm 
gear  shaft.  Torque  screws  18  to  22  lb-ft 

c.  Check  rolling  torque  required  to  rotate 
the  worm  gear,shaft  When  bearing  preload  is 
correct,  this  torque  will  be  6  to  12  Ib-in.  If 
necessary,  remove  cap  screws  and  end  cover. 
Either  add  to,  or  subtract  from,  the  number  of 
shims,  and  repeat  step  b.,  above,  to  obtain  cor* 
rect  bearing  preload. 

14-21.  Steering  Gear  Clearance  Adjustment 

This  .steering*  gear  adjustment  sets  proper 
backlash  between  the  worm  gear  and  the  roller 
gear  of  the  "steering  gear  assembly.  It  prevents 
gear  wear,  and  steering  play  which  woulji  re- 
suit  from  excessive  backlash.  Gear  backlash  is 

'adjusted  by  an  adjustment  screw,  which  deter- 
mines the  longitudinal  position  of 'the  roller 

*g$ar  and  shaft  assembly. 

a.  If  piecessary,  loosen  lock  nut  and  turn  the 
adjustnrimt  screw  at  the  side  cover  counter- 
clockwiseynAil  the  worm  gear  shaft  turns 
freely  throughout  its  entire  ran^e.of  travel. 
See  figure  14^-6.  *  " 

*6.  Count  the  number  of  turns  necessary  to 
rotate  the  worm  gear  shaft  through  its  entire 
range  of  travel.  Tlirn  shaft  to  center  its  travel. 
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Route  shaft  back  and  forth  through  its  center 
of  travel,  and  tighten  the  adjustment  screw 
until  the  «haft  shown  slight  bind  at  the  center 
of  IU  traVel.^djtilt  *cr*w  to  m*ln  *  toUinjr 
torque  requirement  of  15/to  29,  lb-in.  to  rotate 
shaft  through  $.0  center  of  travel.  Hold  adjtist- 
ment  screw  in  position  and  torque  lock  nut  16 
to201b-ft 

c.  Recheck  rolling  torque; .necessary  to  ro- 
tate worm  gear  shaft  through  the  center  of  its 
travel  If  necessary,  repeat  a  and  6  above,  until 
this  value  of  rolling  torque  is  correct 

14-22.  Installation  of  Steering  Gecrf 

a.  After  the  gear  has  .been  properly^  ad- 
justed,^ position  the  steering  gear  against  the 
frame  side  rail,  guiding  the  gear  into  the  flexi- 
ble coupling,  and  secure"  it  ih  position  with  the 
attaching  bolts.  Align  pointer  on  flexible  cou- 
pling with  lin^  mark  an  gear  input  shaft  ^ 

b.  Install  the  Allen  head  cap  screw  .that 
kolds  the  flexible  coupling  to  the  stefering  gear 
shaft.  Torque  Allen  head  screw  18  to  SO  lb-ft 

c.  Check  gear  to  steering  cdlumn  alignment 
and  adjust,  if  necessary,  as  described  in  para- 

'  graph  14-30. 

d.  Attach  steering  ami  to  connecting  rod. 

e.  After  the  gear  has  been  installed  in  the 
vehicle,  the  gear  ipay  h^ve  a  slight  roughness, 
running  through  10  or  15  complete  turn  cycles. 

14-23.  Steering  Column  and  Wheel  Service 

Refer  to  paragraphs  14-24  through  14-81. 

14-24.  Steering  Wheel  Removal 

Refer  to  figure  14-7. 

'  a.  Carefully  pry  the  horn  cap  from  the  hous- 
ing slot  in  the  lower  end. 

b.  Remove  three  attaching  screws  in  the 
wheel  cavity.  Remove  housing,  rubber  boot 
three  insulators,  and  switch.  j 

c.  Remove  steering  shaft  nut. 

a.  install  puller  and  remove  steering  whec7 
and  spring.  See  figure  14-7. 

e.  Examine  wheel  hub  seaL 
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1  Puller 

i 

Figure  H-7.  Steering  wheel  removal. 


14-25.  Steering  Wheel  Installation 

Refer  to  figure  14-8.  ^        \  . 

a.  Install  steering  4vheel  and  spring  on  shaft. 
Align  scribe  m^rks  on  shaft  and  hub  of  wheeh 
as  shown  in  figure  14-8. 

6.  Install  steering  shaft  nut  and  -torque'  20 
to  25  lb-ft 

c.  Position  -insulators  to  horn  housing  and 
Switch.  Install  in  steering  wheel  cavity.  Install 
seal  and  secure  with  three  screws. 

Caution:  Exercise  care  in  installing  hub 
seal' over  column. 

14-26.  Steering  U-Joint  Coupling 

Refer  to  figures  J4-9  and  14-10. 

The  vehicle  uses  a  two-piece  steering  shaft 
with  the  sections  connected  by  a  U-joint  cou- 
pling at  the  steering  column.  The  U-joint  cou* 
pling  has  a  single  spring  which  is  placed  be- 
tween two  bearing  blocks/ tending  to  spread 
them  apart  and  automatically  take  up  the  wear. 
When  servicing  the  U-joint  coupling,  the  fol- 
lowing procedure  should  be  followed: 

a.  Disconnect  the  lower  steering  shaft 
coupling  at  the  steering  zear  by  removing  the 
two  nuts,  bolts  and  lock  %^ashers. 

6.  Loosen  clamp  folding  U-joint  coupling 
cover  to  lower  shaft  and  remove  U-joint  cou- 
pling covft\  * 
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1  Alignment  mark*  3   Steering  ihpft 

2  Steering  wheel 

Figure  Steering  wheel  and  eka ft  alignment 

at  Remove  "spring  clip  from  cover,  and  care- 
fully remove  cover  from  steering  shaft  Uae 
•  caution  to  avoid  loss  of  small  parts  inside  cov- 
er. * 

Note.  Use  extreme  caution  to  prevent  damage  to 
bearing  surfaces  of  the  pin. 

d.  Remove  steering  shaft  pivot  pin  bearing 
blocks  and  wave  washers. 

Inspection: 

i  Carefully  inspect  all  parts  for  signs  of  wear. 
If  pivot  pin  in  steering  shaft  is  not  serviceable, 
steering  shaft  must  be  removed  and  replaced 
with  a  new  steering  shaft-pin  assembly. 

Assembly^ 

a.  Install  coupling  cover  on  lower  shaft, 
aligning  slot  in  clamp  with  mark  on  ah*fi  In- 
stall clamp  bolt  and  tighten. ' 

6,  With  steering  shaft  installed,  place  bear- 
ing blocks  with  wave  washers  in  place  over 
each  end  of  pivot  pin  after  first  lubricating  pin 
with  chassis  grease.  Place  retainer  over  end  of 
shaft. 

c.  Lubricate  inside  of  housing  with  chassis 
grease  and  carefully  position  over  pivot  pin. 
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*  « 

1   Flexible  coupling  to  steering  gear  shaft  *   Lower  shaft  and  flange  to  U-joint  coupling 

Figure  li-f.  Steering  thaft  alignment  marks. 
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1.  Lower  bearing: 

2  Outer  tube  assembly 

3  Casket 

4  Support  and  clamp 

5  Horn  wire 

6  Housing 

7  Horn  connector 

8  Steering  wheel 

9  Nut 

10  Horn  switch  ^ 

11  .Horn  button  contact  flange 

12  Horn  switch  spacer 


13 
14 
15 
16 
17 
18 
19 

?? 

22 

93 

24 


Flat  washer 
Lock  washer 
Screw 

•Horn  button 
Spring 

Upper  bearing  collar  ^ 
Seal 

Upper  bearing  and  horn  connector 
Spring 

Upper  steering  shaft 

Spring 

Boot 

Figure  11-10.  Steering  column. 


25*  Retainer 

26  Bearing  , 

•27  Snap  ring 

28  Coupling  housing 

29  -Low  steering  shaft  and  V  **we 

30  Ku& 

31  .Lock  washer 

32  F!exibie  coupling 

33  Lock  washer 

34  Cap  screw 

3r>  fjcrew  and  lock  washer 
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d.  Position  retainer  and  bolt  in  housing  and 
install  spring  clip. 

t.  Connect  lower  shaft  and  flange  to  the 
flexible  coupling  attached  to  the  steering  gear. 
,  Install  two  bolls  and  tighten. 

K 

14-  27,  Steering  Column  Removal 

a-  Remove  the -flexible  coupling  to  steering, 
sH^t  bolts. 

< 

Note.  The  upper  steering  shaft  is  separated  at 
the  U-joint  coupling  by  loosening  or '  removing  the 
U- joint  coupling  to  lower  shaft  clamp.  Refer  to 
figure  14-10. 

*  * 

b.  Disconnect  the  steering  column  wiring 
connector  from  the  wirifag  harness  underneath 
the  instrument  panel. 

c.  Fold  the  floor-mat  back  and  loosen  seven 
steering  column  toe  board  cover  plate  attaching 
screws. 

d.  Remove  toe  board  from  lower  column 
clamj^by  removing  the  two  attaching  bolts. 

e.  Remove  upper  steering  column  clamp  at- 
taching bolts  underneath  instrument  panel,  and 
remove  steering  column  with  lower  column 
clamp  and.  gasket,  upper  steering  column 
clamp,  and  steering  shaft  and  flange  attached. 

>  *  ' 

14^28.  Steering  Column  Disassembly  ' 

a.  After  the  steering  column  is  removed 
from  the  vehicle,  remove  the  cente?  steering 
shaft  froth  the  steering  column,  and  the  shaft 
spacer  from  the  flange  housing. 

6.  Remove  the  two  screws  attaching  the  , 
turn  signal  switch  to  the  column  and  remove 
switch. 

c.  Disconnect  fiorn^  wire  contact  and  plate. 

d.  Disconnect  the  terminal  from  the  steering 
column  harness  connector. 

e.  Pull  the  flange  housing  f  ree  jyt  the  column. 
Remove  the  spring  washer  from  the  flange. 

/.  Remove  housing^. 

•   q.  Remove  upper  bearing  space* .  * 

h.  Disconnect  the  ^owier  nylon  bearing  at- 
taching screws,  ahd  remove  the  bearing. 
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i.  Inspect  all  parts  for  damage  and  wear 
and  replace  as  necessary. 

>. 

14-29,  Steering  Column  Assembly  * 

.a.  Install  upper  bearing  spacer  In  steerjpg' 
cofunm,  as  shown  Irrflgure  14-10' 

b.  If  the  column  harness  \yn«  removed»  In- 
stall Ui*  wlrlrrjf  In  Urn  column  passage*  Uae  m 
^gulde  wlrf,  and  tape  the  ond  of  the  hums** 
terminals,  and  guide  the  wire  through  the  pas- 
sage. 

,c.  Position  the  housing  on  the  column. 

d.  Install  the  flange  by  first  installing  the 
two  bolts,  nuts,  and  washers  loosely  in  position 
on  the  flange.  Thenj>osition  the  flange  on  the 
column  aligning  the  heads  of  the  bolts  into  the 
slots  in  the  steering  column.  With  the  flange  in 
this  correct  position,  torque  the  two  nuts  to  45 
to  55  inch-lb.  '  M  / 

e.  Position  the  lower  column  nylon  bearing 
in  lower  end  of  steering  column  yrith  screws. 

/.  Position  and  secure  turn  signal  lever  and 
switch.  :  9 

q.  Instalfhora  wire  contact  and  plate. 

h.  Install  steering  shaft  and  upper  sha# 
spacer.,  „  . 

i.  Connect*  flexible  coupling  to  steering 
shaft. 

If  electrical  harness  was  removed,  rejrtace 
terminals  into  connector  in  the  same  position 
as  removed. 

14-30.  Steering  Column  Installation 

a.  Install  upper  end  of  lower  shaftrto  the  up- 
per U-joint  coupling.  The  split: fk  the  upper^ 
coupling  clamp  mt&t  be  aligfied  to  the  mark  on 
the  upper  end  of  the  lower  shaft  to  mountain 
steering  wheel  centering  with  steering  gear  4 
hi-point.  Secure  attachment  by.  tightening  the 
upper  coupling  clamp.  Install  lower  <ste$ring 
shaft  and  lower  coupling  assembly  connect- 
ing lower  coupling  to  wormshaft,  with  the  cast 
pointer  on  the  coupling  aligned  with  the  mark 
tm  the  -wormshaft  as  shown  in  figure  14-9. 
Secure  coupling  by  installing  two  bolts,  nuts 
and  lockwashers.  A 


6.-  Install  the  lower  toe  pan  cover  plate  bdifes, 
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1  Lower  be*ringr  adjusting  icrew 

2  Measurement  U-joint  coupling  poiitton 


3   Steering  wheel  to  deering  column  gmp 
Figure  U-ll.  Steering  column  adjuttmenU. 


s   .       e.  Check  steering  column  alignment  and 
adjustments. 

u  d.  Connect  steering  column  connector  into 

electrical  harness.  . 

14-31.  Steering  Column  Adjustments  ^ 

Refer  to  figure  14-11. 

a.  With  the  steering-column,  shaft,  and  U- 
joint  coupling  installed,  ajffl  the  front  wheels- 
set  straight  ahead,  check  position  of  mark  on 
worm  shaft  designating  steering  gear  high 
point.  This  mark  should  be  at.  the  top"  side  of 
'  the  shaft  at  12  o'clock  position  and  lined-rop 
with  the  mark  in  the  flexible  coupling  lower 
clamp  as  shown  in  figure  14-9.  If  this  align- 
ment is  correct,  check  the  alignment  ot  mark 
on  upper  end  of  lower  steering  shaft  with  saw 
cut  in  U-joint  coupling.  With  the  steering 
wheel  installed  be  certain  aligning  mark  on 
steering  shaft  matches  with  mark  on  steering 


wheel  hub  as  shown  on  figure  14-3r 

6.  To  insure  proper  U-joint  coupling  posi- 
tioning, measure  along  side  of  the  steering 
column  and  check  dimension  from  bottom  of 


column  tothe  firewall  face.  The  correct  dimen- ' 
sion  is  Z^/m":  Refer  to  figure  14-11-: 
*  Should  adjustment^e-necessary,  loosen  steer- 
ing column  -clamps  and  move  column  up  or 
down,  uUfil  the  proper  m^purement  is  ob- 
tained. Secure  steering  column  by  tightening 
all  clamps.  j 

' '  4.  Check  the  gap  between  the  upper  steering 
column  housing'and  the  steering  wheel  hub.  To 
adjust  gap,  loosen  the 'steering  column  shaft 
clamp  (located  above  the  U-joint  coupling), 
and  pull  the  steering  column  shaft  upward. 
The  proper  clearance  is  Vi«"  to,  %2"  Refer  to 
figure  14-11.  Tighten  clamp  when  the  proper, 
gap  is  obtained.  ; 

14-32.  Trouble  Shooting 

Refer  to  paragraphs  14-33  and  14-34. 

4 

.  14-33.  Hard  Steering  - 

~SHbuTa"hard-steerihgrbe  encountered,-the  fol- 
lowing procedure  should  be  followed:  ( 
First  check  tires  for  proper,  inflation.  Then  dis- 
connect the  steering  arm  and  rotate  the 
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^teerinsr  wheel.  If  the  wheel  turns  freely  with 
1 14  Mb.  of  irffort  or  less,  reconnect  the  steering 
arm.  If  the  wheel  will  not  turn  trcety,  first 
check  far  dfflftcuHy  in  the  steering  column  ** 
outlined  in  paragraph  14-31.  tf,  aft^r  these 
a4)usth)€nt<  the  wheel  does  not  tarn  freely 
with  the. arm  disconnected,  proceed  wKh  the 
steering  gear  adjustment^  as  given  in  para- 
graphs 14-21.  , 
If  hard  steering  still  exists  After  lhe-^6ove 
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checks,  check  front  wheel  alignments  (part- 
graphs  lAr&j  I4-It>)<  and  front  axle  steering 
knuckle  tearing  preload.  The  frorft  axle  Kfeer- 
ing  knuckle  bearing  preload  scale  readings 
should  be  taken  at  the  tie  rod  socket  tapered 
hole  In  the  steering  k'unckle  inn,  with  Joint, 
seal  and  axle  shaft*  removed.  Take  the  scale 
readings  when  the. knuckle  has  just  started  its 
sweep.  The  steering  knuckle  bearing  preload 
should  be  12  to  16  &.  with  the  oil  seal  removed. 


V 


14-34.  Service  Diagnosis  ^  1  - 

Symptoms  PnlabU  r#wWy 

Hard  Stearin*:  • 

Lack  of  lubrication   /.   Lubricate  all  connections 

Tie  rod  ends  worn   Replace  (  • 

'Connecting  rod  ball  joints  tight  — —   Adjust 

Cross  shaft  improperly  adjusted  : — 1   Adjust 

Steering  gear  parts  worn     Replace  , 

Frozen  steering  shaft  bearings  4     Replace  bearings 

Lower  coupling  flange  rubbing  against  steering  .  " 

,  ahaft  .    Loosrn  bolt  ami  Assemble  prope.Iy 

Steering  wheel  rubbing  against' gearshift  bowl  Adjust  jacket  endwise 

Steering  gear  or  connections  adjustment  too 

tight   ,_r.__   Check  adjustment  by  dropping  pitman  arm  ifrom 

gear  or  disconnecting  linkage  from  pitman  arm 
t  bail.  Readjust  >f  necessary. 

Front  spring  sagged    Chvck  front  pnd  jounce  height  Jounce  height  should 

be  approximately  the  same  at  both  wheels.  Com- 
pare dimensions  with  those  on  car  having  about 
0  same  mifeage  and  equipment  and  believed  to  be 

standard.  Replace  front  springs  ,if  sagged. 

Frame  bent  or  broken   Repair  frame  as  necessary 

Steering  knuckle  bent   -I.   Install  new  knuckle 

>  Low  or  uneven  tire  pressure    Inflate  tires  to  recommended  pressure 

\  • 

14-35*  Steering  Specifications 

Storing  gear:  ^)  .  f. 

Make     -  Gemmer 

Type                                                                 •  ,  Worm  and  roller 

Ratio   v   '  f     24to'i   *  - 

/  'Bearings: 

V\         Cam— Upper          *  Ball  ^ 

Cam— Lower                 /'  Ball 

Lever  shaft   -*-  '   - 

mx        Steering  column  tapper  —    Bushing 

'   Worm  preload  w/ sea  Is    „-l     6-12  in.-lb.^ 

...   Worm-p»load->«ter^nter^/seais      .16^29  .in^lbi   _  

%    Wheel  diameter   -a  J                            "  16-17  in. 

Steermg  geometry:  m                                                           '  k 

King-pin  inclination  «  1 —  8* 

Toe-in  :   %2"to%2* 

Camber  —  — 

Caster  —                                                                        .  8*/> 

Turning  radius                ~\  *-'   —                          V  28" 

-  Tujning  ^angle  --  29*  . 
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General 

Brake  maintenance 
Hydraulic  brake  system 
Parking^transrmssion)  brake 
Brake  service 

Bleeding,  brakes  

Brake  adjustment 
Brake  hoses 

Brake  pedal  adjustment  . 
Parking  brake  adjustment 
Parking  brake  band  . . .  . 
Relining  wheel  brakes 

Troubleshooting   

Rattles  in  brakes  . .  . 
Squeaky  brakes 
Service  diagnosis 
Specifications 


12-1 
.  12-4 
12-2 
...  12« 
.  12-6 
.  12-10 
12-8 
12-11 
..  12-6 
.  -  12-7 
12-14 
...  12-13 
...  12-16 
12-17 
...  12-16 
. .  12-18 
.  12-19 


12-1.  General 

The  vehicle  is  equipped  with,  hydraulic  brakes. 
The  hydratilic  brake  System  is  shown  in  figure 
i2-l.  All  vehicles  are  equipped  with  a  lever 
Vj;ype.  hand  operated  parking  brake,  that  oper- 
ates in  the  drive  line,  at  the  rear  of  the  trans- 
fer c&seT 

This  section  covers  all  the4  maintenance  and 
service  requirements  for  parking  and  hydrau- 
lic brakes. 

1 2-2.  Hydraulic  Brake  System 

Refer  to  figure  12^-2.  Action  by  the  brake  petW* 
mqyes  the piaster  cylinder  piston  which  exerts 
pressure  on  the  fluid  in  the  cylinder  and  lines. 
The  master  cylinder  primary  cup  is  held 
against  the  piston  by  the  piston  return  spring. 
The  return  spring  also  holds  the  check  vaW 
against  thev  valve  seat.  The  «P^8L  maintains  a 
^slight  ^fluid-pressure  in  the  4ines~and-in-  the 
.  wheel  cylinders  to  prevent  the*  possible  en- 
tranced air  into  the  system. 
The  secondary  cupf  which  is  secured  at  the  op- 
posite end  of  the  .piston,  prevents  leakage,  of 


fluid  into  the  rubber  boot.  The  holes  in  the  pis- 
ton head  allow  the  fluid  to*  flow  from  the  spa6e 
in  back  of  the  piston  into  the  space  between 
the  primary  cup  and  the  check  valve,  keeping 
sufficient  fluid  in  the  line}  at  all  times. 
The  holes  in  the  check  valve  case  allow  the 
fluid  to  flew  through  the  case  around  the  lips 
of  the*  rubber  valve  cup  and  out  into  the  lines 
during  the  brake  application.  When  the  brakes 
are  released,  the  valve  is  forced  off  the  seat 
permitting  the  fluid  to  return  *o  the  master 
cylinder.  The  piston  assembly  is  held  in  the  op- 
*  posite  end  of  the  housing  by  means  of  a  piston 
,  stop  snap  ring.  The  rubber  boot  fits  around  the 
push  rod  and  over  the  end  of  the  housing  to 
prevent  dirt  from  entering  the  master  cylinder. 
The  wheel  cylinder?,  figure  12-3  are  (double 
piston  cylinders.  The  purpose  of  the  two  pis- 
tons is  to  distribute  the  pressure  evenly  to  each 
of  the  two  brake  shoes. 

Rubber  cylinder  cups  ton  the  pistons  prevent 
the  leakage  of  ffluid.  The  rubber  boots  over  the 
'end  of  the  cylinder  prevent  dust  fx*om  entering 
the  cylinder. 

When  pressure  is  applied  to  the  brake  pedal, 
the  master  cylinder  forces  pressure  through 
.  the  lines  and  into  the  wheel  cylinders.  This 
pressure  forces  the  pistons  in  the  wheel  cylin- 
ders outward,  expanding  .the  brake  shoes 
against  the  drums.  As  the  pedal  is  further  de- 
pressed, higher  pressure  in  the  hydraulic  sys- 
tem causes  the  brake  shoes  to  exert  greater 
force  against  the  brake  drums> 
As  the  brake  pedal  is  released,  the  hydraulic 
pressure  js  released  and  the  brake  shoe  return 
spring  pulls  the  shoes  together,  drawing  the 
wheel  cylinder  pistons  inward  and  forcing:  the 

tuid  out  of  the  cylinders  back  into  the  Jthes  to- 
ward the  master  cylinder.  In  the  master  cylin- 
^  der,  the  piston  return  spring  returns  the  piston 
^to  the  pisVon  staff  snap  ring  faster  than  the 
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1  Front  brake  tube  to  right  wheel 

cylinder  flexible  line 

2  Clamp 

3  Parking  brake  control  rod 

4  Parking  brake 

5  Brake  tube  clips 

6  Right  rear  wheel  cylinder 


7  Bear  brake  tube  tee  to  right  '  13 

wheel  cylinder  tube  14 

8  Flexible  line  to  rear  brake  tube  15 

tee  16* 

9  Brake  tube  clip 

10  Rear  brake  tube  tee  17 

11  Left  rear  wheel  cylinder  18, 

12  Rfear  brake  tube  ^ 

Figure  lt-U  Brake  eyttem. 


M*ster»cylinder 
Front  brake  tube  tee 
Front  brake  tube  to  clamp 
Front  brake  tube  to  left  front, 

wheel  cylinder  flexible  line 
Le/t  front  wheel  cylinder 
Brake  tube  clip. 


brake  fluid  is  forced  back  into 4  the  master  cyl- 
inder, which  creates  a  slight  vacuum  on  the 
head  of  the  piston.  The  vacuum  causey  a  small 
amount  of  fluid  to  flow  through  the  holes  of  the 
piston  head,  past  the  lip  of  the  primary  cup, 
and  into  the  forward  part  of  the  cylinder.  This 
action  keeps  the  cylinder  filled  with  fluid  at  all 
times,  ready  for  the  next  brake  application. 
As  fluid  is  drawn  from  the  space  behind  the 
piston  head,  it  is  replenished' from  the  reser- 
voir through  the  intake  port.  When  the  pistoiT 
is  in  fully  released  positipn,  the  primary  cup 
clears  the  by-pa^port,  allowing  the  excess ' 
fluid  to  flow  from  the  cylinder  into  the  reser- 
voir,as  tiie  shoe  retracting  springs  in  all  cylin- 
ders continue  to  force  the  fluid  back  into  the 
lines  and  master  cylinder. 

—12=3.  JParking  (Transmission)  Brake  - 


The  parking  brake  jever  is  operated  by  hand  v 
and  h^aVpush-button  release.  When  the  levgf' 
is  pulled,  tension  is  exerted  on  the  parking 
brake  rod  leading  to  the  parking  brake  (which 
is  mounted  at  the  rear  o£  the  transfer  case) 
causing  the  brake  shoe  to  press  against  the 


1  Pifton  stop  snap  ring 

2  Secondary  cup 

3  Intake  port 

4  By-Pass  port 

6  Vented  All  cap 

6  SU15ply~tanK  "  — 

7  Valve  qeat 

8  Check  valve 

9  Return  spring 

10  Master  cylinder  primary  cup 

11  Piston 

12  Boot 

13  Push  rod  . 


Figure  12-2.  Brake  matter  cylinder. 
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drum.  The  amount  of  brake  grip  that  an  be 
applied  increases  by  the  number  of  notches  the 
brake  lever  is  pulled.  To  disengafce  the  parkin* 
brake,  depress  the  button  on  top  of  the  lever. 
Refer' to  figures  12-4  and  12-5. 


1  Cylinder  boot 

2  Piston 

3  Bteeder  icror 

4  Cup  ipring       —  "* 

5  Cylinder  cup 

Figure  lt-3.  Brak*  v>h$el  cyltntUr. 

1 2-4.  Brake  Maintenance 

No  brake  can  be  expected  to  woVk  well  when 
grease  cr  dil  is  allowed  to  leak  into  the  drum 
from  the  rear  axle.Ttittle  braking  friction  can 
be  obtained  between  brakes  and  drums  when 
the  surfaces,  covered  with  grease  and  oil.  For 
this  reason,  take  care  not  to  over-lubricate 
wheel  bearings,  forcing  lubricant  past  seals. 
Also,  ch#5lT  condition  of  seals  if  leak  is  sus- 
pected  or  whenever  brake  drums  are  pulled. 
Wheneyar  wheels  are  removed,  it  is  advisable 
to  w"SSh  the  drums  witira  suitable  solvent  50 
that  all  grease  and  dirt  are  removed.  Linings 
with  any  evidence  of  grease  or  oil  on  them 
shoulji  be  replaced.  The  hydraulic  system 
should  be  kept  free  of  dirt  and  moisture.  It  is 
advisable  to  drain  the  system  and  (flush  with 
pure  alcohoj^once  a  year. 

Caution:  Keep  mineral  oils,  gaso!inet  or  kero- 
sene out  of  the  system  as  they  cause  rubber 
cups  to  soften,  swell&and  distort  resulting  in 
failure-  % 
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'12-5.  Brake  Service 

To  service  the  hydraulic  brake  system,  follow  , 
the  procedure  below: 


a.  Check  the  fluid  level  in  the  brake  master 
"cylinder. 

£  6.  Check  brake  pedal  adjustment.  See  para- 
graph 12-6, 
** 

c.  Check  brake  pedal  travel  If  the  pedal 
travels  ^more  than  halfway  to  the  floor,  the 
brakes  may  need  adjusting  to  compensate  for 
lining  wear  lor  they ,  may  need  relining.  How 
much  lining  is  left  can  only  be  determined  by 
visually  inspecting  th.e  linijigs. 

See  paragraph  12 — 8  for  brake  adjustment; 
paragraph  12-13  fdt  relining  brakes. 

d.  If  the  brakes  pull  to  one  side  after  adjust- 
ment,  check  tire  pressures.  All  tires^must  b^ 
inflated  to  recommended  pressures  to  ensure 
even  braking.  If  the  condition  persists,  exam- 
ine the  brake  linings  for  foreign  material  and 
replace  linings  if  necessary.  If  the  side  pull  per- 
sists, check  front  wheel  alignment  and  balance. 

e.  Check  the  brake  sysjbem  for  leaks  by 
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1  Operating  earn 

2  Brake  thoe  and  lininjf 

3  Operating  rod 


4  Parking  brake  handle 

5  Adjusting  nut 


V 


Figure  12-5.  Parking  brake  linkage. 


applying  a  steady  pressure  on  the  brake  pedal. 
A  leak  in  the  system  will  allow  the  pedal  to 
"fall  away."  If  the  pedal  "falls  away"  check 
for  a  leaking  wheel  cylindeyr.  Remove  wheels 
and  drums  and  carefully  check  each  cylinder. 
Also  examine  all  lines  and  fittings.  Replace  all 
wheel  cylinders  (para  12-12)  if  .one  is  defec- 
tive, as  they  are  all  probably  in  poor  condition. 
If  the  leak  has  allowed  brake  fluid  to  get  on 
the  linings,  the  lining  will  have  to  be  replaced, 

/.  A  "spongy"  brake  pedal  indicates  the 
presence  of  air  in  the  hydraulic  system.  This 
condition  mtfst  be  corrected  by  bleeding  the 
brakes.  See  paragraph  12-4CL  ' 


g.  Should  the  brakes  become  locked  so  that 
the  Vehiclexannot  be  moved,  the  brakes,  may  be 
released  by  opening  the  bleeder  screw  on  any 
one  of  the  wheef  cylinders.  Before  the  Vehicle 
is  driven,  correct  the  cause  of  the  condition. 
The  cause  may  be  either  a  defective  master  cyl- 


inder or  low  grade  brake  fluid  which  has  ex- 
panded because  of  heat.  # 

12-6.  Brake  Pedal  Adjustment 

There  should  always  be  at  least  Vfc"  P^al 
travel  before  the  push  rod  engages  the  riiaster 
cylinder  piston. 

This  adjustment  is  accomplished  at  the  brake 
mounting  bracket.  -  ^ 

To  adjust  free  pedal  travel,  first  loosep  the 
adjusting  bolt  locknut.  Turning  the  adjusting 
bolt  in  (clockwise)  decreases  the  amount  of 
free  P^d^al  travel,  turning  the  adjusting  bolt' 
-^^^ey^r^locJcwiee^-  increajies  the  amount 


of  free  pedal  travel. 
Too  great  a  free  pedal  travel  prevents  the" push 
rod  from  bottoming  against  the  master  cylin- 
der piston,  giving  excessive  pedal  travel  before 
brake  application.  Not  enough  free  gpdal 
travel  will  prevent  the  primary  cup  in  the  mas- 
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Brae* 

Nut 

Lockwasher 
Flat  washer' 
Bolt 

Adjusting  bolt 
Locknut r 


8  Flat  washer  16 

9  Nut  16 

10  Nut  and  washer  assembly  17 

11  Retracting  spring  18 

12  Washer  19 

13  Master  cylinder  push  rod  20 

14  Brake  pedal  21 


Brake  pedal  pad 

Brake  pedal  bumper 

Bushing 

Capscrew 

Brake  pedal  shaft 

Brake  pedal  mounting .  bracket 

Bolt 


Figurt  i£-6.  Braki  pedal,  mounting  and  adjusting  part*. 


*  •  t 

ter»  cylinder  from  clearing  the  by-pass  port 
when  the  piston  Is  in  the  released  position. 
This  will  destroy  the  compensating  action  of 
the  master  cylinder  for  expansion  and  contrac- 
tion of  the  fluid  in  the  system  due  to  tempe^ 
ture  changes. 

12-7.  Handbrake  Adjustment* 

a.  Adjvst  Handbrake,  Band. 

(1)  Place  the  vehicle  on  a  level  floor  and 


place  the  handbrake  in  the  fully  released  posi- 
tion. 

(2)  Remove  the  cotter  pin  and  clevis  pin 
that  attach  thp  control  rod  to  the  cam  levers 

(3)  Remove  the  locking  wire  from  the  an- 
chor screw. 

-  — nC"4) "  tbda^n- th5~tw^^«nraut3'  on  thread* 
justing  J-bolt  and  the  two  flamnuts  <j£  the  ad- 
justing screw.  ^-  ; 
(5)  Insert  a  0.015-inch  thickness  gage  be- 
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tween  the  brake  lining  and  the  drum  at  the  an- 
chor clip.  Turn  the  anchor  screw  as  required 
until  slight  friction  is  felt  as  the  gage  is  with- 
drawn. 

.  (6)  Insert  the  thickness  gatfe  between 
brake  lining  and  drum  above  J-bolt  and  turn 
the  upjmt  nut  on  the  adjusting  J-bolt  an  ro- 
quired  to  establish  the  same  clearance  as 
above. 

(7)  Insert  the  thickness  gage  between 
brake  lining  and  drum  below  J-bolt,  'hold  the 
adjusting  screw,  and  turn  the  lower  nut  on  the 
adjusting  screw  as  required  to  establish  the 
same  clearance  as  above. 

(8)  Check  the  clearance  between  the  lin- 
ing and  the  drum  at  several  points.  Clearance 
should  be  approximately  0.015  inch  at  all 
points. 

(9)  When  the  adjustment  has  been  com- 
pleted, tighten  the  jamnuts  on  the  adjusting 
J-bolt  and  the  adjusting  screw.  Secure  the  an- 
chor screw  with  locking  wire,  attaching  the 
wire  to  the  bracket  in  such  a  manner  that  it 
will  not  interfere  with  the  anchor  screw 
spring. 

(10)  Adjust  the  handbrake  control  rod  be- 
fore connecting  it  to  the  cam  levers. 


AT  14690 

1  brake  band  4    Lock  nut 

2  Brake  drum  5  Bolt 

3  Adjustment  nut 

*    Figure  12-7.  Trannmiiuuon  bawl  tyye  brake 
adjustment. 
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b.  Adjust  Handbrake  Control  Rod. 

(1)  With  the  brake  control  rod  detached 
from  the  cam  levers,  loosen  the  nut  at  the  yoke 
end  of  the  brake  control  rod  and  turn  the  rod 
in  the  yoke  until  the  eye  of  the  rod  it  in  align- 
ment with  the  clevis  pin  holon  In  the  two  cam 
levern. 

(2)  Attach  the  control  rod  to  the  cam 
levers  with  the  clevis  pin  and  cotter  pin. 

(3)  Tighten  the  nut  against  the  yoke. 

Not$.  With  the  brake  band  and  control  rod 
properly  adjusted,  the  pawl  should  be  engaged  in  the 
third  to  fifth  notch  of  the  sector  for  full  application 
of  the  brake.  f 

12-8.  Brake  Adjustment 

When  the  brake  linings  become  worn,  effective 
brake  pedal  travel  is  reduced.  Adjusting  the 
brake  shoes  will  restore  the  necessary  travel. 
Before  adjusting  the  brakes,  check  the  spring 
clip  nuts,  brake  dust  shield  to  axle  flange  bolts, 
and  wheel  bearing  adjustments.  Any  looseness 
in  these  parts  will  cause  erratic  brake  seizure. 
Also  check  that  the  brake  pedal  has  V6"  free 
travel  without  moving  the  master  cylinder  pis- 
ton. 


1    Adjusting  tool 
Figure  Brake  nhoc  adjust/nr 
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Centralize  the* brake  shoes  in  the  drums  by  de- 
pressing the  br^ake  pedah  hard  and  then  releas- 
ing it.  Since  the  brakes  are  of  the  self-<Senfcer- 
ing  type,  they  require  no  anchor  adjustments. 
Hoist  all  four  wh<  la  ofT  the  ground  and  adjust 
the  brakes  according  to  the.  procedures  tfven  in 
paragraph  12-9. 

12-9.   Brake  Afluitment  (Star  Wh««l) 

Adjust  the  brakes  as  follows^ 

a.  Remove  the  adjusting  hole  dust  ^lip  from 
the  back  of  tihe  brake  backing  plate.  See  figure 
12-8. 

6.  Use  Brake  Adjusting  Tool  to  turn  the  star 
wheel.  Raise  the  handle  of  the  tool  to  tighten 
the  shoes  against  tjie  drum* 

c.  When  the  brake  shoes  are, tight  against 
the  drum,  turn  the  star  wheelin  the  opposite 
direction  until  the  vehicle  wh€el  just  rotates 
freely  without  brake  drag. 

cf.  Repeat  the  above  procedure  for  all  four 
wheels. 


I   Brake  hose  2   Bleeder  screw 

Figure  lt-9,  Bleeding  brakee. 

12-10.  Blading  Qrakw 

Th^  hydraulic  brake  system  must  be  blecj 
-whenever  a  fluid  line  has  been  disconnected  or 
air  gets  into  the  system.  A  leak  in  the  system 
may  sometimes  be  indicated  by  the  presence  of 
a  spongy  brake  pedal.  Air  trapped  in  the  sys- 
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tern  is  compressible  and  does  not  permit  the 
pressure  applied  to  the  brake  pedal  to  be  trans- 
mitted solidly  through  to  the  brakes.  The  sys- 
tem must  be  absolutely  free  from  air  at  all 
times.  During  the  bleeding  operation,  the  mas- 
ter cylinder  must  be  kept  at  least  %  full  of  hy- 
draulic brake  fluid.  When  using  pressure  type 
brake  bleeder,  fQllow  manufacturer's  instruc- 
tionK.  To  blohl  the  brakes  follow  this  proce- 
dure: s 

First,  carefully  clean  all  dirt  from  around  the 
master  cylinder  filler  plug.  Remove  the  filler 
plug  and  fill  the  master  cylinder  to  the  lower 
edge  of  filler  neck.  Clean  off  all  bleeder  connec- 
tions at  all  four  wheel  cylinders.  Attach 
bleeder  hose  and  fixture  to  wheel  cylinder 
bleeder  screw  and  place  end  of  tube  in  a  glass 
jar  and  submerge  in  brake  fluid.  * 
Note.  Bleed  at  that  wheel  with  the  longest  line  from 
the  master  cylinder  first,  the  next  longest  second,  etc. 
Open  the  bleeder  valve  half  to  three-quarters 
of  a  turn.  See  figure  12-9. 
Depress  the  foot  pedal,  allowing  it  to  return 
very  slowly.  Continue  this  pumping  action  to 
force  the  fluid  through  the  line  and  out  of  the 
bleeder  hose  which  carries  with  it  any  air  in 
the  system.  When  bubbles  cease  to  appear  at 
the  end  of  the  bleeder  hose,  close  the  bleeder 
valve  and  remove  the  hose.  After  the  bleeding 
operation  at  each  wheel  cylinder  has-been  com- 
pleted, fill  the  master  cylinder  reservoir  and 
replace  the  filler  plug. 

Discard  the  liquid  which  has  been  removed 
from  the  lines  through  the  bleeding  process  be- 
cause of  air  bubbles  and  dirt 

12-11.  Brake  Hosts 

a.  Hydraulic  lines  (tubing  and  hose)  are  the 
means  of  transmitting  fluid  under  pressure  be- 
tween the  master  cylinder  and  the  wheel  cylin- 
ders. The  hoses  are  the  flexible  links  between 
the  wheels  or  axles  and  the  frame  or  body.  The 
hoses  must  withstand  the  fluid  pressures  with- 
out expansion  and  must  be  free  to  flex  during 
spring  deflection  and  wheel  turns  without 
causing  damage  to  the  hose. 

6.  Hydraulic  lines  are  subject  to  damage  and 
detexioj^tion.  Hoses  shjmLOe  inspected  for 
cuts,  chafing,  cracks,  twists  and  loose  frame 
supports.  Hydraulic  ttfbing  should  be  inspected 
for  signs  of  leakage  (due  to  faulty  flares  or 
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loose  connections) ;  restrictions  (due  to  dents 
or  corrosion);  wear*  (due  to  friction  against 
other  metal  parts).  Always  use  correct  type 
and  size  of  wrench  on  fittings.  Avoid  damage  to 
female  fittings  by  supporting  fitting  with  tube 
nut  during  removal  of  w^mbly. 

c.  On  fittings  where  gaskets  are  used,  always 
uea  a  new  gasket.  Copptr  gaskftt*  take  a  s*t 
and  may  not  form  a  good  wit]  If  rcustd. 

d.  When  replacing  hydraulic  brake  hose,  at- 
tach hose  to  wheel  cylinder  and  securely 
tighten  hose,  then  attach  opposite  end  to  frame 
fitting  or  tubing.  Avoid  twists  in  hose  when  as- 
sembling to  frame  fitting  or  tubing.  Hold  hose 
end  securely  with  wrench  while  attaching  tub- 
ing to  hose.  If  hose  end  clip  is  used,  make  cer- 
tain clip  is  assembled  properly.  Check  for  in-f 
terference  during  spring  deflection  or  rebound 
and  during  front  wheel  turns. 

%  C-  Check  for  any  possible  contact  between 
front  brake 'hose  and  iriner  sidewall  of  tire 


i  when  the  front,  wheels  are  in  maximum  turn 
position.  Check  fdr  sufficient  but  not  excessive 
length'  of  hose  between  the  clamp  and  the 
wheels  by  tuoJing'the  wheels  from  one  ex- 
treme turn  position  to  the  other.  ■  / 

/.  Check  that  tfmna  i*  no  possibility  'of  any 
contact  between  the  tail  pip*' and  rear  brake 
hose  under*  *H  operating  conditions. 

12-12.  WhMi  CyltmJtr 

Refer  to  figure  12-10. 

Note.  Make  sure  a  replacement  brake  cylinder  has 
the  same  part  number  as"  the  original  cylinder. 

a, -To  remove  a  wheel  cylinder,  jack  up  the 
vehicle  and  remove  the  wheel,  hub,  and  drum. 
Disconnect  the  brake  line  at  the  fitting  on  the 
brake  backing  plate.  Remove  the  brake  shoe 
return  spHng  which  will  allow  the  brake  shoes 
at  the  toe  to  fall  clear  of  the  brake  cylinder. 
Remove  two  screws  holding  the  wheel  ■  ylinder 
to  the  backing  plate. 
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1  Adjusting  hole  cover 

2  Hold  down  pin 

3  Lockwasher  and  cap  screw 

4  Backing  plate 

5  Bleeder  screw 

6  Anchor  pin  washer 


7  Brake  shoe 

8  Return  spring 

9  Adjusting  screw  socket 
to  Adjusting  screw 

11  Adjusting  screw  socket 


12  Return  spring 

13  Push  rod 

14  Wheel'  cylinder* 

15  Hold  down  spring 

16  Self-centering  anchor  bloc* 


^FiguTe  Tt^JOr  Franrwheet"iirvo  brake  (etar  wheel  adjuMtment). 
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b.  Install  wheel  cylinder  to  the  backing  Plata 
and  connect  brake  line  and  install  brake  shoe 
return  spring. 

c.  Replace  wheel/hub,  and  drum. 

d.  Bleed  the  brake  lines  (para  12-10) .  * 

e.  Adjust  brakes  if  required  (para  12-8). 

12*13.  Raining  Whtd  Brakts 

a.  When*  necessary  to  reline  the  brakes,  the 
vehicle  should  be  raised  so  that  all  four  wheels 
are  free. 

b.  Turn  the  star  wheel  adjustment-  all  the 
way  in. 

c.  Remove  the  wheels  and  drums  which  will 
give  access  to  the  brake  shoes  figure  12-10. 

cL  Install  Wheel  Cylinder  Gamps  to  retain 
the  wheel  cylinder  pistons  in  place  and  prevent 
leakage  of  brake  fluid  while  replacing  tha 
shoes. 

e.  Remove  the  brake  shoe  return  springs. 

Not*.  Brake  shoes  may  be  diitored  by  improper 
lining  installation  and  linings  should  be  froond  true 
after  installation  on  the  shoes.  For  this  reason  it  is 
recommended  that  new  or  replacement  shoe  and  lininr 
assemblies  be  installed. 

ityt*.  When  handling  brake  shoes,  do  not  permit 
nil  or  rrease  to  come  in  contact  with  the  brake  linings. 

A  U  Install  anchor  block  with  convex  surface 
contacting  the  prirtary  sljpe  and  the  straight 
side  contacting  the  secondary  shoe.  The  arrow 
stamped  on  the  anchor  block  must  always  be 
installed  pointing  in  the  direction  of  forward 
wheel  rotation.  Install  the  brake  shoes  on  the. 
brake  backing  plates.  Remove  tfje  wheel. 

Note.  When  installing  the  brake  shoe  return 
springs,  always  install  the  primary  (front)  shoe 
spring  first 

g.  Install  the  hold  down  pins  and  the  brake 
shoe  retaining  spring  clips. 

Not*.  Using  brake  drum  micrometer  check  all 
drums.  Should  a  brake  drum  be  rough  and  scored, 
it  may  be  reconditioned  by  grinding  or  turning  in  a 
lathe.  Do  not  ^remove  more  than  '.030*  thickness  of- 
metal,  .060"  overall  diameter.  If  a  drum  is  recondi- 
tioned in  this  manner,  either  the  correct  factory- 
>  supplied,  oversize  lining  .030*  muft  be  installed,  or  a 
shim  equal  in  thickness  to  the  metal  removed  must  be 
placed  between  the  lining  and  rhoe  so  that  the  arc 
of  the  lining  will  be  the  same  as  that  of  the  drum. 


1<Q</V 

w  "A"  n  i.lA.l 

A.  Install  the  drums' and  make  a  major  ad- 
justment of  the  brakes. 

NoU.  If  it  is  found  when  wheels  are  removed  that 
there  is  brake  fluid  leakage  at  any  of  the  wheel  cylin- 
ders, it,  will  be  necessary  to  replace  or.  the^  wheel 
cylinder  (para  12-12)  and  bleed  the  brake  lines  (para 
-  12-10). 

Whenever  the  brake  lining  is  replaced  in  one 
front  or  one  rear  wheel,  be  sure  to  perform  the 
same  operation  in  the  oppositeVront  or  rear 
wheel,  usually  the  same  braking  lining  part 
number.  Otherwise,  unequal  brake  action  will 
result 

12-14.  Parking  Brake)  Band,  Cam  Uvtrs, 
and  Space*  Link 

a.  Removal. 

(1)  Disconnect  the^rake  rod  from  the 
brake  cam  lever. 

(2)  Remove  3-inch  screw  from  lining  as- 
sembly and  cast  bracket.  , 

(3)  Cut  brake  band  anchor  lock  wire  and 
removfc  brake  band  anchor  clip  screw,  taking 
care  not  to  lose  brake  band  anchor  spring  lo-  * 
cated  inside  the  bracket 

(4)  Remove  two  brake  adjusting  nuts 
from  brake  adjusting  bolt  At  this  point,  loosen 
the  two  bolts  holding  the  ends  of  the  rear 
transfer  case  cross  member  until  the  cross 
member  drops  approximately 

(5)  Lift  brake  adjusting  bolt  upwards 
until  it  clears  the  lower  ear  of  the  brake  shoe 
assembly  and  remove  the  bottom  spring. 

(6)  Continue  tp  lift  the  brake  adjusting 
bolt  and  pull  the  brake  shoe  assembly  rear- 
ward at  the  same  time  until  the  brake  band4 
bolt  clears  the  cast  retainer.  Brake  shoe  assem- 
bly is  now  off. 

(7)  If  the  adjusting  J-bolt,  cam  levers  or 
spacer  link  requires  replacement,  remove  the 
cotter  pin  and  clevis  pin  that  attach  the  two 
levers  and  the  spacer  link  to  the  J-bolt.  If  the 
spacer  link  stud  in  the  brake  support  requires  , 
replacement,  remove  the  nut,  ldckwasher,  $tfd 

-Stud:  

6.  Inspection. 

(1)  Clean  the  parts  that  were  removed  and 
the  brakedrum. 

(2)  Inspect  the  cam  levers  and  link  spa- 
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cer  for  cracks,  distortion,  and  elongated  devil 

pin  holes. 

(3)  Inspect  the  adjusting  J-bolt,  adjust- 
ing screw,  anchor  screw,  and  spacer  link  stud 
for  cracks  and  damaged  threads. 

Inspect  all  springs  for  cracks,  distor- 


tion and  weakness. 

i(5)    Inspect  the  drum  for  scoring  or 
cracks.    Report  a  damaged  drum  to  ordnance 
maintenance  personnel.' 

'(6)  Replace  all  parts  that  are  unfit  for 
further  service. 

c.  Installation. 

(1)  If  the  spacer  link  stud  was  removed, 
install  the  stud  in  the  brake  support  and  in- 
stall the  lockwasher  and  nut.  Tighten  the  nut 

(2)  Assemble  the  adjusting  J-bolt  and  re- 
lated parts  with  a  cam  lever  at  each  side  of  the 
bolt  and  the  spacer  link  next  to  the  left  lever, 
aligning  the  clevis  pin  holes  in  the  link  and 
two  levers  with  the  eye  in  the  adjusting  J-bolt 

-  Install  the  cam  lever  clevis  pin  and  cotter  pin. 

(3)  Position  the  anchor  screw  spring  in 
jkhe  anchor  clip  on  the  band  and  install  the 

.  band  on  the  brake  support  Install  the  anchor 
screw  but  do*  not  tighten  at  this  time. 
'  (4)  Position  an  adjusting  bolt  spring  at 
each  side  of  the  brake  support  between'  the 
support  and  the  band  ends,  and  install  the  ad- 
justing J-bolt  and  attached  cam  levers  and 
spacer  link,  inserting  the  bolt  through  the 
band  ends,  two  springs,  and  brake  support  In- 
stall the  plain  washer  and  two  jamnuts  on  the 
lower  end  of  the  bolt,  but  do  not  tighten  at  this 
time. 

(5)  Attach  the  front  end  of  the  spacer 
link  to  the  spacer  link  stud  and  install  the  cot- 

ster*pin. 

(6)  Install  the — adjusting  screw  up 
through  the  band  lower  end  and  the  brake  sup- 

12-18.  ^  Service  Diagnosii 
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port  and  install  the  lockwasher  and  two  jam- 
nuts.  Do  not  tighten  the  nujba  Jit  this  time. 

(7)  Raise  transfer  case  cross  member  and 
tighten  attaching  bolts. 

(8)  Adjust  the  band  and  -  control  rod- 
(para  12-7). 

12-15.  Tr*/bJ#fh#otfr>f 

Refer  to  paragraphs  12-16  and  12-17.  0 

12-16.  Squeaky  Brakes 

In  many  cases,  "brake  squeak  can  be  eliminated 
by  correct  adjustment  of  the  brakes.  Squeaks 
.may  be  caused  however,  by  glazed  linings,  lin- 
ings worn  thin  to  the  point  of  exposed  metal  or 
by  vibration.  A  drum  will  not  vibrate  when  the 
l)rake  is  securing  uniform  contact  over  the  en- 
tire lining  surface  except  when  due  to  im- 
proper conditions  such  as  the  linings  becoming 
glazed.  Glazed  surface  6t  the  brake  linings  is 
cause  for  replacement  of  .the  linings.  Occasion- 
ally squeaks  are  caused  by  roughened  surface 
of  the  drum,  which  can  usually  be  remedied  by 
rubbing  with  emery  cloth  and  by  wiping  tht 
braking  surface  clean,  In  extreme  cases  it  may 
be  necessary  to  reface  the  drum  in  a  lathe. 
Should  this  be  done,  do  not  remove  a  metal 
thickness  greater  than  .030"  or  .060"  over  all 
diameter. 

12-17.  Rattles  in  Brakes 

See  that  the  tension  of  the  springs  in  the 
brakes  and  attached  to  the  control  system  is 
sufficient  to  return  brakes  and  brake  mecha- 
nism to  their  normal  position.  Return  springs 
are  so  placed  that  they  keep  all  sjack  out  of  the 
control  system  by  tension  on  all  joints. 
Brakes  will  not  rattle  inside  the  drum  if  the 
springs  holding  the  shoes~are-kept  at  the^pro- 
per  tension. 


Brakes  drmf :  f 

Brake  shoes  improperly  adjusted^.   Readjust 

-Piston  cups— enlarged   ™   t  Flunh  all  lines  with  alcohol— install  new  cups  in  wheel 

Mineral  oil  or  improper  brake  fluid  in  system  . . .  and  master  cylinders 

Improper  pedal  adjustment  \    Adjust  brake  pedal  height  ■ 

Clogged  master  cylinder  compensating  port  ...  Clean  master  cylinder 

One  brake  drags:                 ~  7                    ~  ~            ~—       —     — — 

Brake  shoe  adjustment  incorrect   Adjust 
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6rt*t  hoe*  de^ed 

Return  spring  broken  or  weak 

Wheel  cylinder  pit^ofTor  cnp»  defective 

Loose  or  damaged  wheel  bearings  


Replec*  » 
Replace        ,  , 
Replace 

Adjust  or  replace 


Brake  grebe — vehicle  pulls  to  one  side: 

Grease  or  brake  fluid  on  lining  -  

Dirt  between  lining  and  drum  

Drum  scored  or  rough  • 

Loose  wheel  bearing  4 

Axle  spring  clips  loose   

Brake  backing  plate  loose- .  •  ■  

Brake  lining    

Brake  shoe  reversed   

Tire  under-inflated   

H  Tires  worn  unequally   

Glased  or  worn  lining  .  -   ,  •  - 

Restricted  brake  line   

Excessive  pedal  travel: 

Normal  lining  wear   .  -   

Lining  worn  out   

Leak  in  brake  line  •   n   i  ^         .  , 

Scored  brake  drums   Replace  or  regrind— ehim  lining 

Incorrect  brake  lining  Replace 

Air  in  hydraulic  system  "      ™  master  cylinder  and  bleed  brakes 


Replace  lining 
Clean  with  wire  brush 
Turn  drum  and  replace  lining — shim  lining 
Adjust     v  j 
Tighten 
Tighten 

Different  kinds  on  opposite  wheels 
Forward  and  reverse  'shoes  reversed  in  one  wheel 
Inflate 

Replace  or  change  around  to  opposite  wheels. 
Replace  linings 
Locate  and  repair 


Adjust 
Replace 
Locate  and  repair 


\ 


Spongy  brsJ»  pedal: 

Air  ir/tfSes   

Brake  shoe  adjustment  incorrect  . 
Insufficient  brake  fluid  J.   f  Ml  cylinder 

.  Excessive  pedal  pis—ore:  ' 

Grease  or  brake  fluid  in  lining    ******  !lninc 

Shoes,  improperly  adjusted 


Bleed  lines 
Adjust 


Major  adjustment 


Warped  brake  shoes  -  — . .  -   Keplace 


Distorted  brake  drums 
Glazed  or  worn  lining 
Restricted  brake*  line 
Faulty  brake  cylinder 
Insufficient  brake  fluid 

Squeaky  brakes: 


Replace  or  regrind — shim  lining 
Replace  linings 
Locate  and  repair 
Repair  or  replace 
Fill  master  cylinder 


r       Brake  shoes  warped  or  drums  distorted 
Lining  loose  V.  / 

Dirt  imbedded  in  lining  /  

Improper  adjustment   Adjust 

Oil  or  grease  on  lining   Replace  linings 

Glazed  or  worn  lining      Replace  linings 

Drum  scored   —  -  


Replace 
fteplace 

Clean  with  wire  brush  or  replace 


Turn  drum  and  replace  linings 


12-19.  Brake>  Specifications 

Drum  dfameter: 

Front    13* 

ResjK   •  13* 

Lining-sLze: — 
Front  shoe: 

Front  wheel  13* 
Rear  wheel   13* 


x  2 1/2*  x 
x  2 1/2*  x 


Rear  shoe: 

Front  wheel 
Rear  wheel  . 


13* 
13* 


2 1/2*  x 
2  1/2*  x 


Wheel  cylinder  bore: 

Front   11/16*. 

Rear   1 1/16* 

(   /  ^^Maeter  cylinder  bore    Jl* 

L^    1  Pedal  free  play  ,   1/2* 

1/4*         Rear  propeller  /shsit: 
1/4*  Parking  brake: 

Type    External 

1/4**  Drum  diameter     .  7.£4* 

1/4*  Lining  size     .    7  31/32*  x  2*  x  1/4* 
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LUBRICATION  AND  PERIODIC  SERVICES 


B-15 
B-16 
B-1T 


Pmgrsft 

General  .   .c.    . .  B-l 

Applying  fresh  lubricant   B-3 

Chassis  lubrication  •>   B-5 

Engine  lubrication  system   .      _„*"_.  B-4 

Special  lubricant*  •   B-2 

Lubrication  intervals  .  -  . . .  T. . '.  B-4T 

Initial  lubrication   B-12 

Lubrication  service  (daily)   *.  B-7 

Lubrication  serrice  (annually)    B-8 

Lubrication  service  (1000  miles)  ..^..^  B-9 

Lubrication  serrice  (6000  miles)   --  B-10 

Lubrication  serrice  OgPW  miles)   '-.  B-ll 

G4teral  procedureTTor  all  services  and  * 

inspections  B-13 

General  procedures  for  organizational 

maintenance   

Semiannual  "S"  prer entire  maintenance 

services  "  •  • 

Specific  procedures  for  organizational 

maintenance 
G«m»rnl  lubrication  preventive  maintenance, 

inntructions 
Adjust  brakes  % 
Adjust  clutch  -  B-37 
Adjust  tan  belt*    '  B-39 

"Air  cleaner  .  .5*   4.   B-33 

Brake  linings   B-50 

Brake  master  cylinder    B-32 

Charging  circuit  -----    B-57 

Checking  lubricant  lerel    B-22 

Clean'  body  and"  door  drain  holes  :  B-41 

Clean  exterior  radiator   -  -  -  -  B-40 

Clutch  cross  shaft   .  .  4  -  B-29 

Cooling  system       . ♦  ~  B-30 

Differentials   -  -  — '      -™  B-25 

Door  and  hood  hinge  pivots   ■  B-45 

D©or  latch  rotors    •  B-43 

Door  latch  striker  plates  -         -  -  B-31 

Door  and  window  weatherstrips  _     — *   

Dry-type  air  cleaner  -    B^34 

Engine  oil  y  -v  B-18 

Engine  oil  niter  13-19 

Exhaust  system  B-61 

Proitt  axle  U-joint    -   B-28,B-60 

Front  axle  wheel  bearing  B-Sl 

Front  and  rear  axle  differential   B-25 

Front  and  rear  axle  U*bolt   B-5Z 

Front  .and  jear  spring  bushing*   B-54 


Ftfsftsph 

...  B-4S 

. .. 


Glore  compartment  dqpr  latch 

Headlights    

Heater  controls   TT^  B-47 

Ignitor   '  ^^^-rrr..--^  B-43 

Lights  and  controls  B-27 

Pintle  hook  -  ,  B-64 

Positive  crankcase  rentilation  valve B-20 
Propeller  shaft  .universal  joints  and  slip^dints  .  B-59 

Rear  axle  wheel  bearing  .--  JI  B-62 

Rotate  tires   '  B-36 

Shock>  absorbers        — ».   B~53 

•Spark' plugs   ^  -»  B-65 

Starting  circuit  B-56 

Steerinjr  gear  ^  -  -    •■  -  B-26 

Tailgate  latch  supports,  hinges   JT7  B-W 

Tie  rod  and  drag  link  sockets  X       -  B^6t 

Transfer  case  and  linkage   B-23 

Transmission    ^~  B-24 

Transmission  -%nd  transfer  case   -  B-21 

Tune  engine  -  -  -  /  ,  A  B-26 

Windshield  wiper  -  '  .  B-43 

Winch    .  B-« 
Parts  requiring  no  lubrication 

AlUrnator  .bearings    B-^fy 

Shock  absorbers     %   -  - 

Spring  shackles  ...  -1  -v  *t\  ^f2 

Spring.      .V  -  B-10 

Starter  motor  bearings    B-SS 

Water  pump  bearings,  clutch  release  bearing  , .  B-S7 

B-l.  G#n»rai 

The  M175  and  M725  Vehicles  require,  periodic 
lubrication  and  other  maintenance  services  to 
promote  satisfactory  operation,  and  prevent 
excessive  wear.  Under  severe  operating  or  at- 
mospheric conditions,'  the  vehicle  may  require 
these  services  morl  often  thuja  suggested  in  the 
maintenanceroperation  schedules.  It  should  be 
pointed  out  that*  common  short  trip^sto^nd- 
go  driving  is  the  qiost  severe  usatfe  which  is 
Further  intensified  during  cold  weather.  In  di- 
rect contrast,  constant  speed  driving*  on  high- 
ways is  less  severe.  The  specified  types  and 
amdunts  of  lubricants  given  in  the  lubrication 
chart  and  text  of  this  section  should  be  closely 
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followed.  The  lubrication  notes  for  operation* 
under  unUaual  conditions  given  in  the  last 'part 
of  this  section,  should  be  followed  when  applic- 
able. 


M.  Special  Lubricants 

MIL  lubricants  are  lubricants 


arm  cover  to  lubricate  this  fuel  pomp  eccsntricv 
A  tube  is  provided  in  the  oil  passage  of  the 
cam  bearing  deck  to  deliver  the  oil  under  pres- 
sure to  the  front  of  the  bearing  deck  to  make 
-sure  ihafroiHoes  not-drain- back  when  the  en- 
gine is  stopped.  This  system  provides  immedi-. 
ate  lubrication  to  the  cam  bearings  when  the 


MIL  lubricants  are  J^lcauts  that  carry^he  en^ne  u  re9t<^.  Rort.  are  provided  between 
military  specif ^tion  nuinber^ they,  c  ^  ^  ^J^^  wd  ^ 

Standard  brands  .that  meet^ with  the   ^  h  timing  chain  cover  area  and  the 

SPEC"  are  in,  many  cases  marked  on        con    ^  ^  ^ 

tainer  with  this  number. 


B-3.  Applying  Fresh  Lubricant 


/ 


^Vhen  lubricating  all  lubrication  points,  it  is 
important  that  all  the  old  lubrjcant  be  re- 
moved. To  assure  this,  force  lubricant  through 
the  lube  fittings  until  the  lubricant  being 
forced  out  of  the  joint  is  fresh  lubricant,  indi- 
cating that  all  old  lubricant  has  been  removed. 
•When  applying  lubricant  to  the  propeller  shaft 
splines,  clean  and  liberally  apply  lubricant  with 
a  clean  brush. 

B-4.  Engino  lubrication  System 

The  engine  is  lubricated  through  a  full-pres- 
sure lubrication  system  (fig.  B-l)  that  uses  a 
progressing  tooth  gear  oil  pump  driven  by  a 
helical  gear  on  the  crankshaft  Oil  is  drawn  to 
the  pump  through  a  fixed  intake  screen  that 
strains  out  the  larger  impurities  in  the  oil  sup- 
ply. From  the  oil  pump,  the  full  flow  of  oil  is 
directed  through  the  oil  filter  where  smaller 
particles  are  filtered  out.  The  oil  is  then  ported 
through  passages  in  the  block  to  supply  lubri- 
cation to  the  main  bearings.  Oil  pasWges  in  the 
crankshaft  mate  with  the  oil  grooves  in  the 
main  bearings,  then  these  passages  conduct  the 
oil  to  the  crankpin  bearings  in  the  connecting 
rods.  Spurt  holes  in  the  connecting  rods  prov- 
ide lubrication  to  the  cylinder  walls.  

A  passage  in  the  block  conducts  oil  to  a  fitting 
at  the  front  of  the  block  to  provide  a  stream  of 
oil  to"  .the  timing  chain,  sprocket ^and  oil  pump 
drive  gear.    An  external  hose  at  the  rear  of  the  ■ 
engine  connects  the.  oil  passage  in  the  block  to 
an  oil  passage  in  the  cylinder  head.  ..Oil  to.  the 
cylinder  head  is  ported  to  the  rear  camshaft 
bearing  and  through  passages  in  the  camshaft 
to  provide  lubrication  to  the  cam  lobes.    A  pas- 
sage in  the  cam  bearing  deck  provides  oil  to 
each  of  the  remaining  camshaft  bearings.  Oil 
drips  from  a  small  projection  in-  the  -rocker 


oil  pan  for  recirculation, 
icssis  Lubrication 


The  chassis  should  be  serviced  at  periodic  in- 
tervals. Most  chassis  lubricating  points  have 
standard  lubrication  fittings.  Refer  to  the  Lu- 
brication Diagram  and-  Chart  for  specific 
points  and  lubricating  time  intervals.  It  is  not 
necessary  to  disassemble  prepacked  joints  to 
lubricate  them.  Merely  add  new  lubricant,  as 
described  in  paragraph  B-3,  to  remove  all  old 
lubricant  * 
At  the  appropriate  interval,  clean  each  lubrica- 
tion fitting  indicated  on  the  Lubrication  Chart 
Use  a  pressure  gun  to  lubricate.  Be  sure  the 
grease  channels  are  open  to  provide  complete 
lubrication  of  bearing  surfaces.  In  some  cases 
it  may  be  necessary  to  disassemble  Ato  clear 
plugged  channels.  ' 

.  B-6.  Lubrication  Intervals 

Perform  the  following  operations  at  the  inter- 
vals shown. 


Inttr—U 

Daily 
Annual 
1,000 
6,000 
12,000 


Para  B-7 
Pare  B-8 
Para  B-V 
Para  B-lft 
Para  B-12 


V 


.When*  vehicles  are  driven  primarily  in  abnor- 
Lually  !dusty  or  wet  areas  or  when  subjected  to 
severe  opera tri&g. conditions,  perform  these  ser 
viciHJ  more  frequently.    Under  these  conditions 
no  definite  interval  can  be  recommended  be- 
cause of  the  great  variety  of  uses  and  condi- 
tions of  use.  ^ 

B-7.  Lubrication  Service  (Daily) 
Crankcase — Check  Crankcase  level. 
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Figure  B-l.  Engine  lubrication  tyUm. 

B-«.  Lubrication  Service  (Annually)  > 

Winch  Worm  CasV- Drain  and  refill 

Winch  Drum  and  Shaft  Case— Drain  and  refill 

B~9.  Lubrication  Service  (1,000  Miles) 

The  following  points  must  be  lubricated  and 
serviced  every  1,000  Miles  of  vehicle  opera- 
tion: 

Steering  Links 

Universal  Joint  and  Steering  Knuckle  Housing 
.  Steering  Tie  Rod  Sockets  > 

Clutch  Release  Cross  Shaft 
*^rake Itfaster'Cylmder— Note:  Fill  to  %  in. 
from  top,        •       .  l. 
Universal  and  Slip  Joints 
1  Pintle  Hook 
Spring  Shackle  (Rear) 
Spring  Bolt  (Rear)  * 

3-10.  Lubrication  Service  (6,000  Miles) 

The  crankcase  mustjje  drained  and  oil  filter  - 
replaced  every  6,0<WTmiles  of  vehicle  operation. 
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Every  6,000  miles  of  vehicle  operation  remove 
ignitor.cap  and  lubricate  the  wipk,  breaker 
arm  and  breaker  arm  pivot.    Service  air 
cleaner. 

HI.  l^brkcrrton  Strvic*  (12,000  MIIm) 

Front  and  Rear  Wheel  Bearing?— Rertove, 

;  Clean,  Dry  and  Repack.   

Rear  Differential— Drain  and  refill 
Transfer  Case— Drain  and  refill 
Transmission— Drain  and  refill 
Front  Differential— Drain  and  refill 
SteeHng  Gear— Drain  and  refill 

B-T2.  Initial  Lubrication 

When  a  newXehicle  jg  pia^  m  aervice  or 
after  the  engine  has  been^  overhauled,  the  en- 
gine oil  must  be  changed  and  the  oil  filter  re- 
placed after  the  firaj  600  miles  of  operation, 
and  then-  every  6,000  miles  of  normal  highway 
driving.  Under  more  severe  service,  change  the 
oil  more  often.  Common  short  trip,  stop-and-go 
driving  is  the  most  severe  and  is  further  inten-  '" 
sified  during  cold  weathep  In  contrast,  con- 
stant-speed driving  on  the  highway  is  the  least 
severe.  The  oil  filter  shoul  be  replaced  each 
6,000  miles  of  normal  driving. 


ft-13.  Gintfflf  Procedure*  for  all  Services 
and  Inspections 

a.  The  following  general  procedures  apply  to 
organizational  preventive-maintenance  services 
and  %to  all  inspections,  and  *re  just  as  impor- 
tant as  the  specific  procedures. 

.  6.  Inspections  to  see  if  items  are  in  good  con- 
dition, correctly  assembled  or  stored,  secure, 
not  excessively 'worn,  not  leaking,  and  ade-, 
tfuaftly  lubricated  apply  to  most  items  in  the 
preventive-maintenance  and  inspection  proce- 
dures.. Any  or  all  of  these  checks  that  are 
pertinent  to  any  item  (including  supporting, 
attaching,  or  connecting  members)  will  be  per- 
formed automatically,  as  general  procedures, 
in  addition  to  any  specific  procedures  given. 

(1)  Inspection  for  good  condition  is*  usu- 
ally visual  inspection  to  dtetermine  if  the  unit 
is  safe  or  serviceable.  Good  conation  is  ex- 
plained further  as  meaning:  Not  bent  or 
twiiated,  not  chafed  or  burned,  n^t  broken  or 
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cracked,  not  bare  or«frayed,  not  dented  or  col- 
lapsed, not  torn  or  cut,  not  deteriorated. 

(2)  Inspection  of  a  unit  to  see  if  it  is  cor- 
-rectly-  assembled  ar  scored  is  usually  a  visual 

inspection  to  see  if  the  unit  is  in  its  normal  po- 
sition in  the  vehicle  and  if  all  its  parts  are  pre- 
sent and  in  their  correct  relative  position. 

(3)  Bxcessibely  worn  is  understood  to 
mean  worn  beyond  serviceable  limits  or  likely 
to  fall,  if  not  replaced  before  the  next  sched- 
uled inspection.    Excessive  wear  of  mating 
parts  or  linkage  connections  is  usually  evi- 

denced  by  too  much  play  (lash  or  lost  motion).  

It  includes  illegibility  as  applied  to  markings, 
data  and  caution  plates,  and  printed  matter.4 

c.    Where  the  instruction  "tighten11  appears 
in  the  procedures,  it  means  tighten  with  a 
wrench,  even  if  the  item  appears  to  be  secure. 

d.  Such  expressions  as  "adjust  if  necessary" 
or  "replace  if  necessary"  are  not  used  in  the 
specific  procedures,  it  is  understood  that  when- 
ever inspection  reveals  the  need  of  adjust- 
ments, repairs,  or  replacements,  the  necessary, 
action  will  be  taken. 

e.  Any  special  cleaning  instructions  required 
for  specific?  mechanisms  or  parts  are  contained 
m  the  pertinent  section.  General  instructions 
are  as  follows : 

(1)  Use  dryclfcaning  solvent  or  mineral 
spirits  paint  thinner  to  clean  or  wash  grease  or 
oil  from  all  parts  of  the  vehicle. 

(2)  A  solution  of  one  part  grease-cleaning 
compound  to  four  parts  of  drycleaning  solvent 
or  mineral  spirits  paint  thinner  may  be  used 
for  dissolving  grease  and  oil  from  engine 

,  block,  chassis,  and  other  parts.  Use  cold  water 
to  rinse  off  any  solution  which  remains  after 
cleaning. 

(3)  After  the  parts  are  cleaned,  rinse  and 
dry  them  thoroughly.  Apply  a  light  grade  of 

.  ^    -oil-to  *11-  polished-met*!-  *urfaces-to-prevent~ 

rusting. 

(4)  When  authorized  to  install  new  parts, 
remove  any  preservative  materials  such  as 
rust-preventive  compound,  protective  grease 
etc;  prepare  parts  as  required  (oil  seals  etc.); 
and  fo£  those  parts  requiring  lubrication, 
apply  the  lubricant  prescribed  in  the  lubrica- 
tion order. 


Not*  /-Steam  •cleaning  will  not  b*  performed  by 
organisation*!  maintenance  personnel. 

/,  General  precaution*  in  cleaning  are  as  fol- 
lows :  4 

(1)    Drycleaning  solvent  or  mineral  spir- 
its thinner  is  flammable  and  should  not  be  used 
near  an  open  flame ♦    Fire  extinguishers  should 
be  provided  when  this  material  is  used*  Use 
only  in  well  ventilated  places.    Battery  ground 
should  be  disconnected  and  taped* 

(2)  Thi3  cleaner  evaporates  quickly  and 
has  a  drying  effect  on  the  skin.  If  used  without 
gloves,  it  may  cause  cracks  in  the  'skin  and,  in 


the  case'  on  some  individuals,  a  mild  irritation 
or  inflammation. 

(3)  Avoid  getting  petroleum  products, 
such  as  drycleaning  solvent  or  mineral  spirits 
paint  thinner,  engine  fuels,  or  lubricants  on 
xgbber  parts  as  they  will  deteriorate  the  rub- 
ber. 

Warning:  The  use  of  ditsel  fuel  oil,  gaso- 
line or  benzene  (benzdtf  for  cleaning  is  pro- 
hibited. 

p.  Nameplates,  caution  plates,  and  instruc- 
tion plates  made  of  steel,  rust  rapidly.  When 
plates  are  found  in  a  rusty  condition,  they 
should  be  thoroughly  cleaned  and  heavily 
coated  with  an  application  of  clear  lacquer. 

B-14.  Genial  Procedure!  for  Organization- 
al Maintenance 

a.  Automatically  Applied.  All  of  the  general 
procedures  previously  listed  herein  will  be  fol- 
lowed. Organizational  mechanics  must  be 
thoroughly  trained  in  these  procedures  that' 
they  will  apply  them  in  the  performance  of 
their  duties. 

b.  Operator's  Participation.  The  driver  or 
crew  usualjy  accompanies  the  vehicle  and  as- 
sists the  organizational  piechapics  in  the  per- 
formance -of  ^organizational  -mamteranee  -ser- 
vices. 

c.  Unwashed  Vehicles.  The  driver  or  crew 
should  present  -the  vehicle  for  a  scheduled 
preventive-maintenance  service  in  a*  reasonably 
clean  condition;  that  is,  it  should  be  dry  and 
not  cake(d  with  mud  to  such  an  extent  as  to  se- 
riously hamper  inspection  and  services.  How- 
ever, washing  of  the  vehicle  should  bp  avoided 
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immediately  prior  to  an  mipection,  since  cer- 
tain types  of  defects  such  as  loose'parts  and  oil 
leaks  may  not  be  evident  immediately  after 
washing. 

d.  Services.  Organizational  maintenance  ser- 
vices are  defined  by  and  restricted  to  general 
procedures  unless  approval  has  been  given  by 
the  direct  support  maintenance  organization. 

(IX  Adjust  Make  all  necessary  adjust- 
ments in  accordanco  with  instructions  con- 
tained  in  the  pertinent  section  of  this  manual, 
information  contained  in  changes  to  the  sub- 
ject publication,  or  technical  bulletins. 

(2)  Clean.  Clean  the  unit  to  remove  old 
lubricant,  dirt,  and  other  foreign  material. 

(3)  Special  lubrication.  This  applies  ei- 
ther to  lubrication  operations  that  do  not  ap- 
pear on  the  lubrication  order,  or  to  items  that! 
do  appear  but  which  should  be  performed  in 
connection  with  the  maintenance  operations;  if 
parts  have  to  be  disassembled  for  inspection  or 
service. 

(4)  Service.  This  usually  consists  of  per- 
forming special  operations,  such  as  replenish- 
ing battery  water,  draining  and  refilling  units 
with  oil,  and  changing  and  cleaning  the  oil 
filter,  air  cleaner  or  cartridges. 

(5)  Tighten.  AH  tightening  operations 
should  be  performed  with  sufficient  wrench 
torque  (force  on  the  wrench  handle)  to  tighten 
the  unit  according  to  good  mechanical  practice. 
Use  <a  torque-indicating  wrench  where  speci- 
fied. Do  not  over  tighten  as  this  may  strip 
threads  or  cause  distortion.  Tightening  will  al- 
ways be  understood  to  include  the  correct  in- 
stallation of  lockwashers,  Iocknuts,  locking 
wire,  or  cotter  pins  to  secure  the  tightened  nut. 

(6)  Modification  work  order  application. 
~Eriter Hairinodifteatftiir ~  workr~ordenr  ttyW&y 

applicable  to  the  equipment  on  DA  Form 
2408-5,  upon  receipt  of  the  MWO,  regardless 
of  the  category  of  maintenance  responsible  for 
applying  it.  a 

e.  Special  Conditions.  When  conditions  make 
it  difficult  to  perform  the  complete  preventive- 


maintenance  procedure*  at  one  time,  they  can 
sometimes  be  handled  in  sections.  Plan  to  com- 
plete all  operations  within  the  week  if  possible. 
All  available  time  at  halts  and  in  bivouac  areas 
must  be  utilized,  if  necessary,  to  assutp  that 
maintenance  operations  are  completed. 

B-15,  Semiannual  "5"  Preventive* 
Maintenance  Service*  > 

a.  Purpose.  The  "S"  preventive-maintenance 
services  insure  the  correct  adjustment,  secur- 
ing, and  assembly  of  all  components  of  the  ma- 
teriel. Necessary  replacement,  cleaning,  lubri- 
cation, and  protection  of  parts  and /or  assem- 
blies will  be  accomplished  as  required,  to  give 
reasonable  assurance  of  troubfe-for  operation 
until  the  next  "S"  preventive-maintenance  ser- 
vice is  performed. 

b.  Intervals.  The  semiannual  "S"  preven- 
tive-maintenance services  are  performed  by  the 
organizational  mechanics  every  6  months  or  at 
every  6,000'  miles  of  vehicle  operation,  which- 
ever occurs  first.  Under  unusual  conditions, 
temporary  deviation  from  the  prescribed  ser- 
vice or  interval  may  be  authorized  at  the  direc- 
tion of  the  commander.  The  commppder  will 
consult  with  the  direct  support  maintenance 
officer  prior  to  a  decision  to  deviate  from  these 
services. 

B-16.  Specific  Procedures  for  Organiza- 
tional Maintenance  \ 

Specific  procedures  for  performing  each  item 
in  the  semiannual  *S"  preventive-maintenance 
services  on  the  materiel  are  given  in  table  I, 
using  DA  Form  2404  as  a  worksheet,  in  ac- 
cordance with  procedures  outlined.  Result*  of 
inspection  and  checking  during  preventive- 
maintenance  services  is  authorization  to  take- 
corrective  action  by  performing  the  service  or 
repair  by  organizational  maintenance  person- 
nel. If  repairs  by  a  higher  category  of  mainte- 
nance are  required,  DA  Form  2407  (Mainte- 
nance Request)  will  be  prepared  and  forwarded 
with  equipment  to  the  supporting  maintenance 
activity. 
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8 
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10 


11 


12 


♦  13 


14 


Oil  and  coolant 
Water  Pumfr,  fan,  belts, 
and  pulley*. 


Electrical  wiring  .. 
Engine  compartment 


Tires 

Fire  efctinruiiher 
Tools  and  equipment 


Vehicle  body 


Steering  gear  and 

controls. 
Cab:  doors*  glass,  top, 

frame,  curtains, 

fasteners,  straps.  , 


NH*.  W>t«  t*ttlc»l  tei  Mi  P«mlt  ft  full  f*i  tott  ptrforw  only  Itm.t 

thtt  m*lr*  little  or  W  mowiwiat  of  tfco  vtkWiV 
Check  oJLand  coolant  levels.  Check  spare  containers  for  contents. 
Inspect  pulleys  and  fan  for  allnewent  Check  water  pump  foHeak*.  Check 
fan  and*  alternator  drive  belta  tension.  Provide  50  to  00  lb.  tension,  if 
belt  tension  *auge  it  not  available,  belt  tension  of  tt#  deflection  may  be 
obtained  by  applying  a  light  thumb  pressure  midway  between  alternator 
and  water  pump  pulley. 
Visually  inspect  electrical  wiring,  conduits,  connectors  and  shielding. 
Inspect  engine  compartment  for  indications  of  fuel,  engine  oil,  and  water 
leaks*  Look  under  the  vehicle  for  indications  of  leaking  gear  oil  or 
brake  fluid. 


Lights,  horn,  wind- 
shield wipers,  blowers, 
and  heater. 


Brake  pedal 


Instruments-functional 
check. 


Starter  and  swrtth 


Instrument  operational 
check* 


PRIOR  TO  ROAD  TEST 


Note  any  Apparent  loss  of  air.  Remote  penetrating  objects  such  as  nails 
or  glass.  Note  unusual  wear  or  missing  valve  caps.  Gage  tires  for  cor- 
rect pressure,  as  specified. 
Visually  inspect %xt  extinguisher  (on  vehicle  so  equipped).  Note  if  fire 

extinguisher  is  charged  and  sealed. 
Inspect  rehiele  tools  «ind  equipment  (including  vehicle  publications)  for 

general  conditions  and  proper  stowage. 
Check  for  any  tampering  or  damage  that  may  have  occurred  since  last 

inspection*    1  - 
Check  steering  system  and  component  parts  for  loose  or  damaged  parts. 

Inspect  these  items,  paying  particular  attention  to  cab,  body  mountings, 
Including  springs.  Test  operation  of  doors,  windows,  windshield,  hood- 
hinges,  and  fasteners.  Observe  seat  monntings  and  upholstery.  Inspect 
litter  racks  and  operation  of  personnel  heater  (Ambulance  Truck 
,  M725).  Make' a,  genera!  inspection  of  body,  including'glass,  panels,  tops, 
fenders,  tailgate,  chains,  stakes,  bpws,  paulins,  curtains,  radiator,  and 
lamp  guards.  Exumine  condition  of  paint  and  legibility  of  markings,  and 
identification  and  caution  plates. 
Operate  horn  ana*  windshield  wipers.  Inspect  rear,, view  mirrors.  Check 
operation  of  exterior  lights  and  light  switches,  ^ote  whether  the  head- 
lights appear  to  be  properly  aimed,  Note  condition  of  all  light*  and  re- 
flectors. Test  the  spotlight  switch  and  handle  for  proper  operation  (Am- 
.bulance  Truck  M726).  Teat  operation  of  surgical  light,  dome  H*ht 
blowers,  .and  hsater  (Ambulance  Truck  M725). 
Check  service  brake  pedal  for  proper  travel  and  handbrako  linkage  for 
proper  adjustment  (correct  service  brake  P*dal  free  travel  is  ^4-inch;. 

ROAD  TEST 

1>rior  to  'starting  engine,  turn  ignition  switch  on  and  observe 
instrument  operation.    Battery  altemotor  indicator  should 
indicate  alternator  is  not  charging — pointer  %n  yellowband. 

(  Fuei-qiiautlty  ^gage-shouid-mbve  to  ind±cat-e-£uel  tank  levels  — 

Oil  pressure  gage  should  indicate  0  -psi  and  water  temperature 
gage  should  move  from  an  off  scale  reading  to  actual  coolant 
temperature  reading. 
Note^if  the*starter  switch  requirea  more  than  normal  pressure, 
and  if  the  starter  engages  smoothly  without  unusual  noise, 
and  turns  the  wire  with  adequate  cranking  speed;    With  ignitior 
switch  on,  start  engine. 
Note  alternator  output  on  charge  indicator  immediately  after 
*  starting  engine  before  alternator  regulator  has  reduced  the 
charging  wife^W^seicve  all  instruments  for  normal  readings. 
Note  what  is  the  ignition  switch  and  light  switch  levers 
operate  freely  and  make  possible  contact, '  Check  all  other 
'instruments  for  normal  operation. 
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i  / 
18 


19 


20 


21 


22 


23 


24 
25 

26 


iWme  Ui  he  ioepwetr* 


Engine  operation 


Alternator 
Clutch 


Transmission  and 
transfer. 


Service  and  parking 
brake  (handbrake) 
operation. 


Steering  system 


Power  train,  wheels, 
and  body. 


Hub,  drums,  axles, 
powertrain. 


TabU  L  Prriwtivr  tyMinUiianc*  Cktck*  and  »SVnncr-Continued  Procedure*  ^ 

-In  warming  up  engine,  observe  if  choke  operates  satisfactorily. 
Note  if  idling  speed  is  600  to  650  rpm.    Listen  for  and  un- 
usual noise  at  idle  and  higher  speeds*    Wfi«^  operating  vehicle* 
note  if  it  has  normal  power  an5  acceleration  in  each  speed 
range.    Listen  for  any  unusual  noises  when  the  engine  is  under  • 
load.    Speed  up  vehicle,  on  a  level  stretch,  to  see  if  it  y±ll 
reach,  but  not  exceed,  the  specif led,  top  speed.  J 
Observe  charge  ine^icator  to  note  whether  alternator  is  charging 

properly.    Listen,  for  unusual  noises. 
Note  if  the  clutch  pedal  has  one  (I)  inch  free  travel  and  if  action  of  pedal 
return  spring  it  satisfactory.  Note  whether  clutch  disengages  completely 
or  has  a  tendency  to  drag.  Observe  smoothness  of  engagement  and  ten- 
dency to  chatter,  grab,  slip,  or\  any  unusual  noise.  With  transmission 
in  neutral,  depress  and  release  clutch  pedal  listening  for  noises  indicat- 
ing a  defective  release  bearing.  , 
Shift  transmission  into  all  speeds  and  transfer  into  high  and  low  ranges, 
observing  any  unusual  stiffness  of]  shift  levers,  tendency  to  slip  out  of 
gear,  unusual  noises,  or  excessive  vibration.  Make  similar  observations 
of  the  transfer  clutch  lever. 
Note  if  action  of  brake  return  spring  i3  satisfactory.  Observe  if  pedal  goes 
too  close  to  floor.  Make  several  stops,  noting  side  pull,  noise,  chatter, 
grabbing,  or  any  other  abnormal  condition.  Observe  if  the  handbrake 
lever  ratchet  holds  and  if  the  lever  requires  more  than  three-quarters 
travel  for  full  application.  (With  the  brake  band  and  control  rod 
properly  adjusted,  the  pawl  should  be  engaged  in  the  third  to  fifth 
notch  of  the  sector  for  full  application  of  the  brake).  Stop  vehicle  on 
an  incline  and  apply  handbrake  to  determine  if  it  holds  vehicle. 
With  vehicle  moving  straight  ahead,  determine  if  there  is  any  tendency  to 
wander,  shimmy  or  pull  to  or.*  side.  Turn  steering  wheel  through  its 
entire  range  and  note  any  binding.  At  all  times  during  road  test,  be 
alert  for  unusual  noises  that  may  indicate  looseness,  defects,  or  deficient 
lubrication  at  any  point 
At  all  times  during  road  test,  be  alert  for  unusual  noises  that  may  indicate 
looseness*  defects,  or  deficient  lubrication  at  any  point 


Battery-specific  gravity 
Battery  voltage 


Battery  terminals,  carrier, 
and  fluid  level. 


*  AFTER  ROAD  TEST 

Immediately  after  the  road  teat,  feel  these  units  cautiously. 

Warning:  Full  floating  hypoW  axles  operate  quite  hot.  If  lubrication  levels, 
are  correct  and  no  unusual  noises  occurred  during  road  test  assume 

-  axles  are  functioning  properly.  Do  not  touch  hypoid  axles  with  bare 
hand  after  vehicle  has  been  operated  a  considerable  distance,  serious 
burns J»ay  result.    /  f  • 

*Xri  oVerfieated' wheel  Kub^ and1  brake-drum  indicates  an  improperly  ad- 
justed, defective  or  dry  wheel  bearing  or  a  dragging  brake.  An  Ab- 
normally cool  condition  indicates  an  inoperative  brake.  An  overheated 
gear  case  indicates  lack  of  lubrication,  gears  out  of  adjustment,  or 
defective  parts. 

Make  hydrometer  test  of  electrolyte  in  each  cell  of  both  batteries  (1.275- 
1.300  at  80*  F.)  and  record  readings  on  DA  Form  2404. 

Perform  starting  motor  cranking  voltage  test  (24v)  using  test  meter. 
Record  voltage  registered  on  DA  Form  2404.  On  vehicles  so  equipped, 
check  insulator  on  positive  (  +  )  post  of  the  inside  battery  between 
cover  and  terminal. 

Clean  cable  terminals  and  battery  posts.  Clean  top  of  battery.  Clean  and 
paint  carrier  as  required.  Install  cables  to  battery* and  coat  terminal* 
lightly  with  grease.  Check  electrolyte  level  to  determine  if  it  covers* 
plates. 

NOTE.  Xt  dUUIIed  water  !•  not  available,  clean  water,  preferably  rain  water,  may  be  uaed. 
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Table  1.  Prevnitiet  Main  tenant*  Check*  end  Service— Continued 


,27 
28 
29 

so 


32 
33 
34 

35 
36 


At 


9B 

39 
40 
41 

42* 

43 


him  w  b*  i»»p#etW 


Spark  Plugs  

Compression  test  ... 
Ignition  components 


Carburetor,  choke, 
linkage. 

Carburetor,  fuel  pump, 
timing,  and  alternator 
regulator. 

Fuel  filter  engine  compart- 
ment 

Manifolds  and  heat 
control. 

Vehicle  exhaust  system 
and  fuel  burning  per- 
sonnel heater. 

Crankcase  ventilation  .  . 


Radiator  and  cap 


Fuel  tank  strainer  arid 
Alter. 


Bumpers,  pintles  and 

■hackles. 
Power  take-off,  winch 

Winch  cable 

Propeller  ihaft  and  U- 

jointi. 
Vents  and  leaks 


Brake  ihoti,  lining,  anchor 
pini,  springs. 


Remote  and  inspect  plugs-  Clean  and  set  at  gap  0.030  inch.  Replace  if 

necessary*  . 
With  engine  at  normal  operating  temperature,  throttle  and  choke  open, 

teit  compression  of  each  cylinder.  Record  readings  on  DA  Form  2404. 
Test  operation  of  advance  mechanism  by  hand.  Test  ignitor  shaft  for 
looseness.  Replace  breaker  points  if  required,  adjust  gap  0.020  inch. 
Replace  other  ignition  component  as  required 
Inspect  these  items,  noticing  particularly  if  the  shafts  and  linkage  operate 
freely  and  are  hot  excessively  worn.  Observe  if  the  choke  valve  opens 
fully. 

Perform  an  engine  vacuum  test  and  adjust  carburetor.  Be  sure  fuel  pump 
is  between  4  and  5**psi  at  idling  speed.  Check  the  ignition  timing  with 
timing  light  for  correct  timing  and  proper  advance  <5#  BTDC)'.  Test 
alternator  regulator  with  low  voltage  circuit  tester. 
If  vehicle  is  so  equipped,  dean  fuel  filteY  sediment  bowl,  if  required. 

Inspect  these  items.  Look  particularly  for  leakage  signs  at  the  manifold 
•gaskets.  Check  manifold  heat  control  valve  seasonal  adjustment 
Inspect  entire  vehicle  exhaust  system  for  excessive  noise  and  leaks.  Tighten 
mountings.  On  ambulance  truck  operate  patient's  compartment  heater 
and  inspect  heater  exhaust  system  for  leaks  and- proper  operation.  Pay 
special  attention  Jto  body  floor  and  side  panels  for  leaks. 
Inspect  carburetor  air  cleaner  and  air  cleaner  elbow  and  the  crankcase 
ventilation  metering  valve  for  cleanliness  and  condition.  On  vehicles 
so  equipped,  inspect  operation  of  the  ventilation  shutoff  valve  dual 
control.  Replace  air  cleaner  cartridge  if  plugged  and  lack  of  engine 
power  isjiotfced, 

Inspect  these,  items,  noting  particularly  if  the  radiator  core  is  obstructed 
by  foreign  matter  or  if  the  core  flns  »re  bent  Check  gasket  in  the  pres- 
sure cap.  Observe  coolant  level  and  examine  coolant  for  contamination. 
Test  coolant  with*  hydrometer*  to  -see  if  it  contains  sufficient  antifreeze 
to  correspond  with  seasonal  requirements.  Tighten  radiator  hose  clamps 
and  mounting  bolts.  If  need  is  indicated,  drain  cooling  system,  clean  and 
fill',  adding  corrosion  inhibitor  unless  ^antifreeze,  Which  contains  in- 
hibitor, is  used. 

Clean  strainer  }n  the  fuel  tank  filler  pipe.  Clean  fuel  filter  in  fuel  tank 
(as  equipped;.  If  excessive  contamination  is  noted  in  the  fuel  tank  niter 
:or  in  the  sediment  bowl  of  the  engine  compartment  fuel  filter  (as 
equipped),  drain  water  and  sediment  from  fuel  tank  using  a  container 
to  -catch  draining.  Also,  check  fuel  filter  line  at  fuel  tank  cover  for 
looseness  on  fuel  tank  filter  equipped  vehicles.  Tighten  nut  securely. 

Bumpers,  front  and  rear,  pintle,  and  lifting  shackles  will  be  inspected. 
Check  operation  of  pintle  assembly  and  note  whether  it  locks  securely. 

Inspect  power  Uke-off,  winch  drive  shaft,  and  shear  pin.  Inspect  winch 
cable.  Test  winch  operation.  Check  if  vent  in  the  worm  housing  js  clear. 

Clean  and  lubricate  winch  cable  in  accordance  with  current  lubrication 

.  order  (LO  9-2320-244^12) .  m 

Inspect  propeller  shaft  assemblies..  Tighten  universal  joint  companion 

flange  nuts,  wheel  and  drum-  flange  stud  nuts. 
Make  observation  under  vehicle  for  evidence  of  oil,  waU-r,  hydraulic  fluid, 

or  lubricant  leaks.  Inspect  if  vent*  in  front  an.d  roar  axles,  transfer,  and 

steering  gear  housing  are  clear.  ^ 
Test  brake  linkages  for  freedom  of  action.  Kximinc  brake  drums,  shoes 

anchor  pjns  and  supports.  Check  wheel  cylinders'  for  leakage.  Cfrcck 

operation  of  master  cylinder. 
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7W  /.  Pnn;en^«  Jfatnf«t«n<*  CAecfe,  flJWi  Servtcs-Continued 


44 
45 

4f> 

47 
48 

49' 

50 
51 


ItttM  to  W  Inspected 


T 


Wheel  bearing! 
Tires 


Springs  and  shock 

absorbers. 
Body  and  frame  . 
Clean   


Lubricate 

Fuel  . . .  . 
Test  


Proctdurt 


Diaiuaemble.  clean,  and  pack  wheel  bearing  ,«  directed  by  current  l«ork 
cation  order.  '  . 

R?»*/*  *i,di»T:t  »*" "»ceo"Hn*  *  tTC«d  '«"i«fn  and  decree  of  wear. 
Refer  to  TM  JM  870-1  for  acceptable  limits  in  matching  Urea.  Tighten 
axle  drive  flange  nuta. 

Inspect  springe,  shackles,  shock  absorbers,  and  attaching  parts  for  damage 
and  breakage. 

Tighten*  body  holddown  bolts. 

Wash  vehicle,  clean  inside  of  cab,  glass,  and  mirror.  Clean  ensine  and 
engine  compartment  as  required.  Do  not  steam  clean. 

Lubricate  vehicle  in  accordance  with  intervals  as  specified  in  current 

lubrication  order.  .  - 

Fill  fuel  tank  as  necessary. 

Final  road  test  vehicle  ana;  particularly  observe  items  which  required  re- 
pair,  replacement,  or  adjustment , 


&-T7.  General  Lubrication  and  Preventive  * 
Maintenance  Instructions 

Items  included  in  paragraphs  B-7  through 
B-12  should  be  lubricated  and  serviced  at  the 
specified  interval  under  normal  operating  con- 
ditions. However,  under  severe  operating  or  at- 
mospheric conditions,  these  "operations  should 
be  performed  at  more  frequent  intervals. 

B-18.  Engine  Oil 

It  may  be  necessary' to  change  engine  oil  more 
frequently  than  normally  recommended,  de-  ' 
.pending  upon  the  type  and  quality  of  oil  used,, 
the  severity  of  operation  conditions,  if  the  en-; 
Sine  is  used  for  short  periods  in  cold  weather,' 
or  if  the  engine  is  allowed  to  Idle  for  excessive 
periods. 

Always  drain  the  crankcase  while  the  engine  is 
hot  smce^dirt  and  contaminants  are  then  more 
likely  to  be  held  in  suspension  and  therefore 
will  drain  put  more  completely—  Drain-  the  ' 
crankcase  as  follows: 

a.  Position  the  drain  receptacle  under  the 
drain  plug. 

b.  Remove  the  drain  plug  using  the  correct 
size  wrench.  Be  careful  of  hot  oil. 

c.  Carefully  clean  the  drain  plug.  Inspect 
and  replace  the  gasket,  if  deteriorated. 

^  d.  When  the  oil  has  drained,  replace  and 
tighten  the  crankcase  drain  plug.  ' 


e.  Check  for  the  presence  of  excess  water  in 
^  the  oil -that  might  indicate  an  internal  leak 
\  from  the  cooling  system. 

/.  Pour  oil  in^o  the  oil  filler  tube  on  th<?  top 
»  of  the  rocker  arm  coyer.  Replace  the  oil  filler 
•  cap. 

B~l  9.  Engine  Oil  Filter* 

The  oil  filter  should  be  repjaced  at  500  miles 
and,  thereafter,  at  every  scheduled  interval.  To 
^  remove  the  oil  filter^se  an  oil  filter  wrench.  To 
install  a  new  oil  filter,  wipe  the  gasket-contact 
surface  with  engine  oil,  screw  on  the  filter  unit 
until  gasket  contacts  the  engine,  and  then 
tighten  at  least  half  a  turn  more.  Do  not  use 
tools.  Turn  by  hand  only. 

B-20,  Positive  Crankcase  Ventilating  Valve 

For  information  on  servicing  ^jbe^asitive*'  - 
^5r^Jc^se^v^U^ing^5^e,  refer  to  para- 
graph C-7. 

B-21.  Transmission  and  Transfer  Cass 

Check  paragraphs  22  through  24  where  applL 
able.. 

B-22.  Checking  Lubricant  Level 

The  transfer  case  and  transmission  must  be 
serviced  separately.  The  procedure  in  para- 
graphs B-23  and  B-24  should  be  followed  io 
check  the  lubricant  level  of  the  transfer  case 
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and  transmission.  If  thentransfer  case  or  tram?- 
mission  fluid  levels  are  found  to  be  abnormally 
low,  check  for  any  possible  leaks. 

B-23.  Transfer  Case  and  Linkage 

The  transfer  case  fill-hole  is  located  -on  the 
right  side  of  the  trapsfer  case  housing.  To 
check  the  lubricant  level,  remove  the  fill  plug. 
Lubricant  should  be  level  with  this  fill-hole.  If 
not,  bring  up  to  level  by  adding  sufficient  lubri- 
cant as  specified  in  the  Lubrication  SpecificaT 
-tjons.— To  change  the  lubricantt--remove^ih^ 


cant  as  required  and  replace  flier  plug.  Drain 
and  fill  each  12,000  miles. 
To-remove  the  lubricant  from  the  front  or  rear 
differential,  it  is  necessary  to  remove  the  drain 
plug<%nd  filler  plug^  Let  the  lubricant  drain 
out,  and  then  flush  the  differential  with  a  flush- 
ing oil  or  light  engine  oil  to  clean  out  the  hom- 
ing. Do  not  use  water,  steam,  kerosene,  or  gas- 
oline for  flushing.  Refill  the  differential  hous- 
ing as  specified  in  LO '9-2320-244-12. 

B-26.  Steering  Gear 


transfer  case  fill-hole  plug  and  then  the  trans 
fer  case  drainhole  plug.  Let  all  fluid  drain 
from  case.  Then  install  the  transfer  case  drain- 
hole  plug,  and  refill  the  transfer  case  through 
the  fillhole  using  the  correct  lubricant  as  speci- 
fied in  LO  9-2320-244^-12.  After  filling  trans- 
fer case  to  the  correct  level,  install  the  filler 
plug  and  tighten  securely.  The  transfer  case 
shift  linkage  should  be  lubricated  periodically. 
All  bearing  surfaces  that  are  assembled  with 
studs  and  cotter  pins  should  be  disassembled, 


Every  1,000  miles  check  that  the  steering  gear 
lubricant  is  at  the  level  of  the  fill-hole.  K  re- 
quired, add  lubricant  to  the  level  of  the  fill- 
hole  with  the  lubricant  recommended  in  LO 
9-2320-244-12.  If  abnormally  low,  check  the 
steering  gear  for  possibility  of  leaks- 

fcr27.    Lights  and  Controls 

a.  Check  all  interior  and  exterior  lights  and 
light  switches  for  proper  operation,  including; 
parking  lights,  headlamps  (high  beam  and  low 


cleaned,  and  coated  with  a  good  waterproof  beam) ,  tail  lights,  brake  lights,  directional 


grease 

The  bearing. surf  aces  that  cannot  be  disassem- 
bled should  be  lubricated  with  a  lubricant  that 
will  penetrate  the  bearing  area.  These  bearings 
include  thh  two  on  the  cross,  shaft  assembly 
and  the  threaded  stud 

B-24.  Transmission 


lights,  dome  light,  and  instrument  panel  lights, 
b.    Check  all  instrument  panel  controls  and 
instruments  for  proper  operation, 

B-28,  Front  Axle  Universal  Joint 

Check  the  level  of  the  front  axle  universal 
joint,  lubricant  by  removing  the  fill-hole  plug. 


Check  the  lubricant  level  every  1,000  miles  by  The  lubricant  should  be  level  ^h  the  f  "^Jjl 


removing  the  fill  plug  located  on  'the  right  side 
of  the  transmission  housing.  Lubricant  should 
be  level  with  fill  hole.  Add  lubricant  as  re- 
quired and  replace  fill  plug.  Drain  and  xefil 
every  12,000  miles.  To  change  the  lubricant, 
drain  the  old  fluid  by  first  removing  the  fill- 
hole  plug  ajid  then  removing  the  drain  hole 

-plug.  ,   _   „  _ 

When  all  the  fluid  is  completely  drained,  re- 
place the  drainhole  plug  only.  For  the  correct 
specifications  and  quantity,  refer  to  LO 
9-2320-244-12.  After  filling  transmission  to 
correct  level,  install  filler  plug  and  tighten  se- 
curely. 

E-25.  Differentials 

Cheek  the  lubricant  level  in  the  differential 
housing  every  1,000  miles.  Lubricant  should  be 
level  with  the  filler  plug  openings.  Add  lubri 


If  required,  add  lubricant  as  specified  in  Lubri- 
cation Specifications. 

Note:  The  forward  inboard  lower  king  pin  bearing 
cap  bolt  should  be  used  to  drain  any  water  contain- 1 
inant  from  knuckle  housings  after  fording  operation 

B-29.    Clutch  Cross  Shaft  > 

TLb*icate-the  clutch  juross^shaf  t  in  accordance^  _ 
with  specifications  given  in  L0  9-2320-244-12, 

B-30.    Cooling  System 

Check  the, coolant  level  in  the  radiator.  It 
should  behalf  an  inch  below  the  neck.    If  re- 
auired,  fill  the  radiator  to  half-inch  below  the 
neck  with  the  proper  coolant.    Refer  to  sectipn 

If  the  level  of  the  coolant  is  abnormally  low, 
check  the  radiator,  hoses  and  waterpump  for 
possible  leaks.    If  a  leak  is  suspected,  refer  to 
section  05. 
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B-31.    Door  Latch  Striker  Plates 

Clean  all  contact  surfaces  of  the  door  latch 
striker  plates.    Apt>ly  a  thin  coat  of  Lubriplate 
to  these  surfaces.    After  lubrication,  close  the 
door  several  times  to  insure  complete  distribu- 
tion of  the  lubricant.    Wipe  off  excess  lubricant 
from  the  striker  plate. 

B-32.  Brake  Master  Cylinder 

-€Ieait-the-top  of  the  fiH-cap-and-^lso-the~hous- 


"  ing  area  around  it  Remove  the  cap  and  observe 
the  fluid  level,  It  should  be  half  an  inch  below 
the  top  of  the  fill-hole.  If  required,  add  brake 
fluid  to  one-half -inch  below  the  top  of  the  fill- 
hole,  using  only  heavy-duty  brake  fluid  con- 
forming to  specification  W-B-680.  Be  sure  to 
handle  the  brake  fluid  in  clean  dispensers*  and 
containers,  that  will  not  introduce  even  the 
sIightest*amount  of  other  liquids  or  foreign 
particles,  Replace  and  tighten  the  fill  cap. 

B-33:  Air  Cleaner 

Standard  air  cleaner  is  a  dry  type  as  shown  in 
figure  B-2.  For  service  refer  to  paragraph 
B-34/  ' 

B-34.  Dry-Type  Air  Cleaner 

Within  the  air  cleaner  housing  is  a  replacea- 
ble element.  Remove  the  element  by  unsnap- 
ping  the  retaining  clips  scuring  the  top  of  the 
air  cleaner  and  then  removing  the  top  cover. 
Refer  to  figure  B-2.  Shake  dust  from  the  car- 
tridge by  tapping  it  against  a  flat  surface, 
being  careful  not  to  deform  the  plastic  seal. 
Compressed  air  may  also  be  used  to  clean  the 
element,  if  so — exercise  caution  to  avoid  dam- 
aging the  filter  material.  Direct  the  air  from 
v  inside  the  element  toward  the  outside.  Replace 
-  air  cfeaner  cartridge  at  12,000-miles,  or  sooner 
if  plugged  and  causing  loss  of  engine  power. 

Caution:  Do  not  oil  the  element 

B-35*  Tune  Engine 

Refer  to  section  C. 

B-36.  Rotate  Tires 

Refer  to  section  13.  v 

B-37.  Adjust  Clutch 

Refer  to  section  02. 


A  T  14494 


1  Air  cletneiihoua^ng 

2  0*sk«t* 

3  Cartridge 

4  Top  cover 

5  Drain  reflector  and  precleancr 
Figure         Dry  type  air  cleaner. 


B-38.  Adjust  Brakes 

Refer  to  section  J  2., 

fr-39.  Adjust  Fan  Belt 

Refer  to  section  C. 

R-40.  Clean  Exterior  Radiator 

For  proper  cooling  efficiency  the  radiator 
should  be  cleaned  of  foreign  objects.  Rofer  to 
section  05. 

B-41.  Clean  Body  and  Door  Drcin  Holes 

The  M725  body  has  three  door  drain  holes  on 
the  bottom  of  the  door  just  outboard  of  the 
rubber  seal  and  three  body  drain  holes  on  each 
rocker  panel.  Also,  one  in  each  front  and  rear 
corner  of  the  cab  floor. 

The  M725  body  has  three  door  drain  holes  o<[ 
each  door  and  four  body  drain  holes  located  0^ 
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the  lower  inside  lip  of  i  rocker  panel  Two 
other  body  drain  holes  tre  located  about  one 
door  width  reurwurd  of  each  rear  wheel  well. 

,  Door  and  Window  Woathoratript 

SpurijriKly  wipe  .silicon  lubricant^on  all  door 
weutherHtrips  and  window  weatherstrips.  Wipe 
off  any  excess  lubricant.  \ 

1-43.   Ooor  Latch  Kotort 

Clean  and  then«apply  a  slight  amount  f/f  Lubri- 
plate  to  the  door  latch  rotot^*  Wipe  off  any  ex- 
cess lubricant.  Operate  the  latches  several 
times.  Again  wipe  off  excess  lubricant 

B-44.  Tailgate  Latch,  Support  and  Hinges 

Lubricate  the  friction  points  of  the  tailgate 
hinges  with  a  few  drops  of  lightweight  engine 
oil. 

B-45.  Ooor  and  Hood  Hinge  Pivot  Points 

Lubricate  the  frictional  points  of  the  door  and 
hood  hinge  pivot  points  with  a  few  drops  of 
lightweight  engine  oil. 

B-46.  Gtove  Compartment  Door  Latch  and 
Hinges  I 

Sparingly  wipe  Lubripiate  m  tlje  glove  com- 
partment door  latch.  Lubricate  hinges  with  a 
few  drops  of  lightweight  engine  oil 

fr-47.  Heater  Control* 

\  Apply  Lubripiate  to  all  friction  points  and 
;  pivot  points  on  the  heater  controls.  Apply  a 
l  few  drops  of  penetrating  oil  all  along  the  Bow- 
den  pa{>ie.  This  oil  will  penetrate  into  the  cen- 
ter wire. 

&~48.  Windshield  Wiper 

Lubricate  friction  points  and  pivot  points  on 
the  windshield  wiper  linkage  with  a  slight 
amount  of  Lubripiate. 

^49:  Headlights 

Refer  to  section  06. 


B-50.  Brake  Linings 

Referx  to  section  12. 

&-51.   Exhaust  System 

Check  the  exhaust  system  for  leaks.  Refer  to 
section  04. 


E-52:  Front  fi*i  Rear  Axle  U-Bolts 

Torque  the  front  and  rear  axle  U-bolts.  Refer 
to  aectiona  10  and  11. 

&-52.  Shock  Absorbers 

Visually  check  for  broken  mounts  or  bolts, 
worn  or  missing  bushings  on  the  shock  absorb- 
.ers.  Refer  to  section  16. 

B-54.  Front  and  Reor  Springs  Bushings 

The  condition  of  the  spring  bushings  is  indi- 
cated by  the  alignment  of  the  spring  pivot  and 
spring  shackle  bolts.  Check  the  alignment  of 
these  bolts,  make  sure  that  nuts  are  tightened 
securely. 


B~55.  Spark  Plugs 

Replacement:  Refer  to  section  C. 

B-56.    Starting  Circuit 
Check  the  starting  circuit. 

. B-57.    Charging  Circuit 
'Check  the  charging  circuit. 


Refer  to  section  06. 


Refer  to  section  06. 


B-5tf.    Tie  Roji  and<Drag  Link  Sockets 
The  tie  rod  and  drag  link  sockets  are  equipped 
with  lubrication  fittings  and  should  be  lubri- 
cated at  the  interval  specified  in  the  Lubrica- 
tion Chart. 

B-59.    Propeller  Shaft  Universal  Joints 
and  Slip  Joints 

The  propeller  shaft  universal  joints  and  slip 
joints  are  equipped  with  lubrication  fittings. 
Proper  lubrication  of  the  U-joints,  trunnion 
bearings  and  slip  joint  splines  require  special 
lubricants  and  not  regular  chassisJLubricant. 

Nofce:  It  is  important  that  the  universal  joints 
be  properly  an<T  fully  lubricate*.  ~  Whenever^ lubri* 
eating  U-joints,  add  lubricant  until  it  is  visible 
coming  out  of  each  one  of  the  four  bearing  seals. 


B-60.    Front  Axle  Universal  Joint 
The  front  axle  universal  joint  should  be  ser- 
viced by  removing  the  shaft  and  thoroughly 
cleaning  the  universal  joints  and  housing  with 
the  correct  procedures,  refer  to  paragraph 
10-5. 

4 
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B-41.  Front  Axle  Wheel  lu  Vingt 

To  lubricate  the  front  wheel  bearings,  it  is  nee- 
essary  to  remove,  clean,  repack,  and  adjust 
them.  When  wheel  hub?  and  bearing  are  re- 
moved for  lubrication,  they  should  be  thor- 
oughly washed  in  a  suitable  cleaning  solvent. 
The  bearings  should  be  carefully  dried  and 
then  given  a  thorough  cleaning  and  inspection. 
Use'a  clean  brush  to  remove  all  particles  of  old 
lubricant  from  bearings  and  hubs.  After  the 
bearings  are  cleaned,  inspect  them  for  pitted 
races  and  rollers.  Also,  check  the  hub  oil  seals. 
Repack  the  bearing  coneVand  rollers  with 
grease  and  reassemble  hub  in  the  reverse  order 
of  the  disassembly.  Test  the  bearing  adjust- 
ment as  outlined  in  section  13. 

B-62.  Rear  Axle  Wheel  Storings 

To  lubricate  the  rear  wheel  bearings  are  re- 
moved  for  lubrication,  they  should  be  thor- 
oughly washed  in  a  suitable  Meaning  solvent. 
The  bearings  should  be  carefully  dried  and 
then  given  a  thorough  cloning  and  inspection. 
Use  a  clean  brush  to  remove  all  particles  of  pld 
lubricant  from  bearings  and  hubs.  After  the 
bearings  are  cleaned,  inspect  them  for  pitted 
✓  races  and  rollers.  Also,  check  the  hub  oil  seals. 
Repack  the  bearing  cones  and  rollers  with 
grease  pnd  reassemble  hub  in  the  reverse  order 
of  ft*  disassembly.  Test  the  bearing  adjust- 
ment as  outlined  in  section  IS. 

ft-63.  Ignitor 

Every  6,00ff  miles,  remove  the  cap  and  rotor 
and  apply  5  drops  of  medium  engine  oil  to  the 
felt  in  the  top  of  the  cam.  Apply  one  drop  of 
light  oil  to  the  breaker  arm  pivot  pin.  Operate 
arm  once  or  twice,  then  remove  excess  oil. 
Apply  a  light  film  of  grease  to  the  breaker 

Note.  Whenever  ignitor  cover  is  removed,  a  new  0- 
ting  should  be  installed  and  a  waterproof  test  con* 
ducted. 

At  overhaul,  soak  drive  shaft  bearing,  iq  med- 
ium engine  oil  and  drain  before  reassembling 
the  distributor.  Wipe  all  oil  from  upperjpart  of 
base.  At  assembly  apply  a  film  of  grease  to  the 
upper  drive  shaft  washer  Nand  put  a  small 
amount  of  grease  in  the  bearing  bore  just 
above  the  bearing.  Lubricate  the  governor 
mechanism  sparingly  with  medium  engine  oil. 


Put  enough  light  grease  in  the  felt  wick  r&er-* 
voir  so  thit  when  the  wick  is  inserted  the  re- 
servoir  will  be  full. „ 

E-64.  Pintle  Hook 

The  pintle  hook  and  safety  latch  pivot  pins  are 
equipped  with  lubrication  fittings  and  should 
be  lubricated  at  the  interval  specified  In  the  lu- 
brication chart. 

B-63.  Winch 

Lubricate  and  service  in  accordance  with  the 
specifications  given  in  paragraph  B^8  and  LO 
9-2320-244-12.  . 

B-66.  Parts  Requiring  No  Lubrication 

Refer  to  paragraphs  67  through  72. 

B-67.  Water  Pump  Bearing,  Clutch  Release 
Bearing 

These  bearings  are  prelubricated  for  life  when 
manufactured  and  cannot  be  relubricated. 

B-68.  Starter  Motor  Bearings 

These  bearings  are  lubricated  at  assembly  to 
last  between  normal  rebuild  periods. 

&-69.  Alternator  Bearings 

These  bearings  are  lubricated  at  assembly  and 
require  no  further  lubrication. 

B-70.  Springs 

The  vehicle  springs  should  not  be  lubricated.. 
At  .assembly  the  leaves  aye  coated  with  a  long- 
lasting  special  lubricant  designed  to  last  the 
life  of  the  springs.  Spraying  with  the  usual 
mixture  of  oil  and  kerosene  has  a  tendency  to 
wash  this  lubricant  from  between  the  leaves, 
making  it  necessary  to  relubricate  often  to 
eliminate  squeaking. 

I  ' 

^71.  Sfiicli  A&orbeT*^  ~4—  -  -  - 
Hydraulic  direct-action  shock  absorbers  are 
permanently  sealed  and  require  no  periodic  lu- 
brication service.  Shock  absorber  mounting 
bushings  are  not  to  be  lubricated. 

B-72.  Spring  Shackles 

Front  springs  are  equipped  with  rutiber  bush- 
ings on  the  spring  shackles  and  pivot  bolts. 
These  rubber  bushings  have  no  lubrication  fit- 
ting and  |t  is  vety  important  that  they  never 
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be  lubricated.  Rear  spfjog  pivot  fittings  jnust 
be  lubricated  with  a  pressure  gun. 

B-73.  Special  Lubrication  Rtquiromonts 

Refer  tg  paragraphs  B-74  through,  B-76. 

Lubrication  Under  Unusual  Condition* 

«.  Kodiuv  m-rvirn  interval}*  aponflod  on  the 
lubrication  order  and  lubricate  more  fre*~ 
quently,  to  compensate  for  abnormal  or  ex- 
treme conditions,  such  as  high  or  low  tempera- 
tures, prolonged,  periods  .of  high-speed  opera- 
tion, continued  operation  in  sand  or  dust,  im- 
mersion in  water,  or  exposure  to  moisture.  Any 
one' of  these  operations  or  conditions  may^cause ' 
contamination  and  quickly  destroy  ^he  protec- 
tive qualities  of  the  lubrje£nts.  Intervals,  may 
be  extended  during  inactive  periods  commensu- 
rate with  adequate  preservation. 

6.  Lubricants  are  prescribed  in  accordance 
with  three  temperature  ranges;  above 
+32°  F.,  +40*  to  -10°  F.,  and  from  0°  to 
-55°  F.  (refer  to  1,0  9-2320-244-12). 
Change  the  grade  of  lubricants  whenever 
weather  forecast  data  indicate  £hat  air  temper- 
atures will  be  consistently  in  the  next  higher 
or  lower  temperature  range  or  *when  sluggish 
starting  caused  by  lubricant  thickening  occurs. 
No  change  in  grade  will  be  made  ^when  a  •tem- 
porary rise  in  temperature  is  encountered. 

c.  Lubricant!  levels  must  be  observed  closely 
and  necessary  steps  taken  to  replenish  in  order 
to  maintain  proper;  levels  at  all  times. 

&-75.  Lubrication  After  Fording  Operation* 

a.  After  any  .fording  operation,*  in  water  12 
inches  or  over,  lubricate  all  chassis  points  to 
cleanse  bearings  of  water  or  grit  as  well  as  any 


3b0 


other  points  tfqUireci  in  accordance  with  main- 
tenance operations  after  fording. 
If  the  vehicle  has  been  in  deep  water  for  a  con- 
siderable length  of  time  or  was  submerged  be- 
yond its  fording  capabilities,  precautions  must 
be  taken  as  soon  as  practicable  to  avoid  dam- 
age to  the  engine  and  other  vehicle^compo- 
nonta. 

6.  Perform  a  complete  lubrication  service. 

c.  Inspect  engine  crankcase  oil.  If  i^ater  or 
sludge  is  found,  drain  tfie  oil  and  flush  the  en- 
gine with  preservative  engine  oil.  Before  put- 
ting in  new  oil,  replace  the  oil  cartridge  (para 
B-19). 

Not*.  If  preservative  engine  oil  is  not  available, 
engine  lubricatinr  oil  may  be  used. 

d.  Check  the  lubricant  in  the  transmission, 
transfer  case,  and*  axles.  Should  there  be  evi- 
dence that  water  has  entered,  drain,  flush,  and 
refill  with  the  correct  lubricant  For  assemblies 
which  have  to  be  disassembled,  dried,  and  relu- 
bricate&  perform  these  operations  as  soon  as 
the  situation  permits.  Wheel  bearings  must  be 
disassembled  and  repacked  after  each  submer- 
sion. Regardless  of  the  temporary  Treasure} 
taken,  the  vehicle  must  be  delivered  as  soon  as 
practicable  to  the  ordnance  maintenance  unit. 


B-76.  Lubrication  After  Operation  Uncier 
Dusty  or  Sandy  Conditions 

After  operation  under*  dusty  or^sardy  condi- 
tions, clean  apd  inspect  all  points  of  lubrica- 
tion for  fouled  lubricants  and  relubricfate  as 
necessary. 

Rote.  A  lubricakt  which  is  fouled  by  dust  find 
sand  makes  an  abridge  mixture  that  causes  rapid 
wear  qr  parts.  W' 
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L09-2320-244-I2  < 

LUBRICATION  CHART 

*  ♦ 

TRUCK,  CARGO,  1%  TON,  4X4,  M715 


CM  f,A,f  IS  3.1.1.1 


CHART 
NO. 


7. 
«. 

.9. 

ia 

u. 
u. 

13. 

H. 
IS 


ITEM  TO  Bi 
LUMtCATEP 


Prat*.-. 
R«ar 


VI 


SortnH  Unka**  (TH.  #aa" 
Dnif  Unk  iacktOO 

PVvnt  

Re*-.*   •  .  jGtf" 
toot  A*^U*«tftol  Jo-C 

frtaftlkr  Shaft  Ummtrm*  >>»*■ 

ft©#*tl*r  Shaft  Sfcp>«*». 
Traaafer  Ca«a. . .  -  / 

TfO^MMMMOd   . .  ^ 

Dutch  Rrfcaaa  Cf  oaa  8h»«t  C 
litrrina^Rr 

Winch  Warm  Cmc 

En*»na,  -V 


MAINTENANCE 
OPERATION 
INTERVAL 


Wt<klv  Check 
lt*>#Mrt€*     Drain  li  Fttt 

1Ma-aa^O*cfc 


I0CO  Mi  tea 

|2,oao  Mkaa  —  Hepock 
\0«O  WUaa  -  Raft*     '  > 

(OCfrMUM 

lOfcO-Afclaa  ^  

ttOO  MilCf 
10*0  Milf| 

l*,ac*  M,taa  —  D>»aa*  Pill 

W**Wy-C>*c*    ,     • ' 
\1/&T Mi>ar  -^On*  k  AM 

100*  MAe* 

MpfrfWy  —  Cfcack  ^w 
ll^tO  Mllaa  —  Dfrfi** 

Weakly,  —  Chatk 
Dram  *  R< Aiwolty 

-  Oram?  k  Raftll 


Mttea 


QUANTITY 


iptr 

Aa  Raawnd 

At  Rca»M/*d 
Aa-Re*vwai 

Aa  Ra^t^jvJ 

,  At  Raa^naa^ 
Ac  Rct>*wrarf- 
Aa  ftcjmrarf  • 

AC  Rofurvi 
Aa  Ra^ua* 


CUBRICAtfT 


Typt 


Miu  ,?  -.V 
fAt,C  hi 


"Mil?; 

ErtiiweOSI 
. ; ',  Ut*iur*  Cteaac  ' 


fAE^>. 


'«AE>^e 


^.V^  V;-4 


o 
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•  Wha»  oil  61  tar  n  cha««ad  m  the  aam^  ma  add  <**  qouru 
•a  ^         /bore  3^7^ 


40*F  to  -10»r 
,   OE-10W  * 


■    CM  "A"  IS  3.1.1.1 

)  .  • 


lUtJMCAHTt 


oe  -  on  turn,  engine 


CO  -  IUWICANT,  01**, 

-  uNiva$At 


GiR6AS£ 


fXMCTW)  TlMEftAIUai 


MOO  M 

OEM 


GO  90 


W0O  10 

0€  10 


GO  75 


«T"  tsj  -50#f 


T 

0€S 


GOS 


lUMICANTi 


Oti  -  OIL,  IUM, 
ENOlNE, 

-sui-zeeo 


GOS  -  lUWrCANT, 

GEA* 
%  UNIVttSAW 


IHTMVAU- 
See-WOTf  10 


0*  Doll* 


1  -  1,000  Miles 

4  -6,000  Mil* 
ofjggiggggljy  * 


W2~ 


H»  -  FLUID/  „ 
HYOHAUtlC, 
D'AKE 


HI 


H6 


HiA 


ttAKg,  a*ctic 
cw  -  lul*,  CHAIN, 

EXPOSED  GCAft  . 
ANOWmitOfC 


12  -  12, 000  Miles 
or  ognucllg  * 


Ocoun  first 


1.  Alt  CUANtR  (Dry  Tymsj) 

Evary  1,000  miles  (under  normal  conditions)  remove  olr 
cleonor  cover  and  Impact  olrxJeonor  cartridge  (element). 
Clean  U  contamlnotod  by  shaking  out  (rapping)  accumulated 
dirt  or  by  weehlng  with  water  and  datonjonr  only.  Wma 
until  wot  or  tuns  door.  'Shako  off  ax  com  wot  or  and  dry. 
Replace  coiirldQo  after  flva  cleaning*.  Oo  not  oil  cortrldow. 
For  desert  or  extremely  dusty  op  of  at  Ion  claon  at  ofton  at 
requited. 

2.  CtANKCASi  ' 

Drain  every  6^ 000  miles  or  semiannually.  Drain  only  wKan 
hot  oft  or  operation.  Before  filling  cronhcose  remove  flltar 
screen  In  oil <nilerr»eck  ond  cloan.  Chock  fcakot  In  oil 
filler  cop,,repiaco  If  reeulred.  Kelnstoll  t  croon  and  raflll 
to  fULL  mark  on  9000,  Run  angina  a  taw  minutes  and  ro» 
chack  oil  I  ova  I.  ♦ 

Oft  rum 

Jtepioco  oil  filter  oftar  flnt  500  miles.  Every  6,000  ml  lot  or 
sesslannuolly,  whllo  draining  crankcosa,  ramova  oil  flltar  as- 
sembly and  dlicard.  InetoIJ  now  oil  flltar  anomaly.  Hand 
tighten  only. 

4,  DISTRIBUTOR 

Every  6,000  mile*  or  •amlannually  remove  distributor.  *o- 
plug  under  nomopfoto  and  withdraw  fait  wlck^  Soak 
wick  In  OE.  Fill  plug  opening  with  HD?  I"***  wick, 
ramova  excess  creote  and  Inatall  plug.  Wlpa  breaker  cam 
lightly  with  Hft>and  brookar  arm  pivot  with  I  to  2  drape 
of  Of.  Inttali  distributor. 

5.  GEAR  CASK 

Drain  ovary  12,000  ml  lot  or  annually.  Drain  only  whan 
hot  oftar  operation.  Fill  to  plug  I eveU  before  operation  and 
k  after  draining.  (W/O  PTO  -  without  power  take-off;  W/FTO- 
with  power  toke-off). 

aV  AtONT  WHttL  UNIVERSAL  JOINTS  AND 

 STORING  KNUCXU  MARINGV  *L 

Every  1,000  mile*  ramova  plug  and  lubricate  through,  plug 
located  at  ilde  of  ttaarlng  knuckle  housing  until  lubricant 
appears  at  p'ugholo.  Install  »Jug«  If  required,  disassemble 
camtant  velocity  universal  Joints  every  12,000  miles  or 
annually.  (Remove  lower  screw  on  housing  otW  fording,) 

7.  WINCH  CAtlf 

After  aoch  operation,  claon  and  oil  with' engine  all  (OE), 
Every  6,000  miles  or  semiannually  If  fable  Is  not  generally 
used,  unwind  entire  cobla,  clean  and  soak  by  moans  of  a 
brush  with  OE*  Wlpa  off  excess  and  coat  cobla  with  CW.  r 
Coot  winch  drum  also  with  CW  before  rawlndlng  cabfo  an  1 
drum,  '  * 

t.  ran  mm 

Every,  12, 000  mile*  or  annuolfy  replace  In-line  hoi  flltar. 
Also  ramova  screen  In  fuel  tank  filler  node  and  claon. 


9, 


10, 


11, 


12. 


13* 


CRANKCASC  VENTILATION  VAiVt 

Evary  6,  000  ml  las  or  semiannually  ramova  cronkcasa  venti- 
lation valve  ond  wire  mash  which  ere  housed  in  rubber  hose 
loading  from  cronkcosa-to-alr  cleaner.  Clean  hosa  ond 
fittings  oUraaulrad.  Install  nsaah  and  valva  In  hosa  and 
Inatall  to  angina.  Check  oil  filler  cop  gasket  (See  Note  2). 
lUStKATrON  INTtRVALS 
When  practicable,  Librlcotlan  Service  will  be  mode  to 
calnclda  with  tha  vahlcla  "S"  P.Mr  Service,  far  this  pur- 
pose  a  10%  tolercnce  (variation)  In  specified  lubrication 
point  milaega  Is  permissible. 

NOTE:  After  vehicles  hove  reached  6, 000  miles  or  2  years, 
whichever  occurs  first,  lubrication  Intervals  will  bo 
*    .    performed  at  3,000  miles. 
OIL  CAN  POINTS 

Evary  1,000  miles  lubricate  clutch  ond  broke  pedal  thefts 
and  linkage,  accelerator  pedol  shaft  and  pivots,  throttle 
bellcrenk,  parking  broke  llnkoQO,  winch  shifter  shaft,  seat 
hlrajas  and  od|ueter,  ell  fompo*tment  hinges,  catches,  and 
locks,  door  handles,  tailgate  hinges  ond  catenas,  lifting 
ay  a  pins  (4),  spara  tiro  carrier  bolt. 
IRAKI  MflD 

Use  hydraulic  brake  fluid  (Hi)  nen-patroleum  base  only, 
Oto  of  hydraulic  broke  fluid  petroleum  base  renders  brakes 
inoperative. 

DO  NOT  IUMICATI 

Shock  abtorbwi  ond  mounting  bwdtlngi,  front  tprln,  ihaMm, 
i^tng  Imvm,  gwiwstor,  01W  ttarttr.  Wtrw  pump  and , 
clutch  ralMM  bMrlng*  ar*  pr,luWtMtW  at  manufocrur, 
and  cannot  bt  ralubrlMtad.- 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORTHUENEME,  CALIFORNIA  £3043 

t      CONSTRUCTION  MECHANIC  "A"  J.S.  3.1.1.1 

 COURSE  A-610-OO22  


* 

TITLE:    Servicing  the  power  train  of  the  M-715  1-1/4  ton  cargo  truck 
M-725  field  ambulance  and  M-72&  telephone  maintenance  truck  4X4 
.hereafter  referred  to  as  the  M-715. 

INTRODUCTION:    The  purpose  of  this  job  sheet  is  to  guide  you  in  the  N 
practical  performance  of  removing,  disassembling,  inspecting,  repairing, 
4n^dtgsting  the  power  train  components-of ^  the-M-70^- -iney  jwilj^covei^ 


orderly  removal  of  transmission  assembly,  clutch,  differential;  steering, 
brakes,  tires. 

You  will -select  and  safely  use  all  tools  and'  equipment  required  to 
accomplish  all  procedures  on. this  job  sheet.  ^ 

All  safety  precautions  that  are  applicable  to  you,  your  team  mate, 
and  the  equipment  must  be  observed  at  all  times. 

Every  procedure  must  be  done  in  accordance  with  this  job  sheet  and  the 
manufacturer's  specifications  without  error. 

TOOLS  AND  EQUIPMENT  PROVIDED: 


'  4 

1. 

Air  "compressor 

2HC  4310- 

-00- 

-901-0727 

2. 

Automotive  mechanics  tool  kit 

* 

•f 

9GD  3415- 

S. 

Bench  grinder 

-00- 

-517-7754 

4. 

Hydraulic  bJake'  bleeder  ( tank 

9HD  4910- 

-00- 

-273-3658 

5. 

Dial  indicator 

6. 

Oil  drain  pan 

7. 

Grease^  gun 

,  9 CD  4930- 

-00- 

-253-2478 

8, 

Hypo id  gear  oil  can 

t 

9. 

Tire  demounter 

-m 

s  a 

10. 

Tire  patching  kits 

it. 

TooTTtit,  M-715  (Series)  "differential 

12- 

Transmission  floor  jack 

1HC  4910- 

-00- 

-554-3542 
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TOOLS  AND  EQUIPMENT  PROVIDED  (Cont.)  -  % 

m 

13.  -  Truck  M-71-~ (Series)  1-1/4  ton~cargo  "  '  ~ 

14.  Manufacturer's  Service  Manual 

15.  Task  job  sheet 

16.  Jack  stand  '  1HC  4910-00-869-8058 
~T77    Fly  wheel  turner  ~~~~ 

18.  Wooden  blocks 

19.  Clotti  rags 

20.  Foot  LB  1/2"  drive  torque  wrench  9QG-5120-00-640-6365 
.21.    Tire  safety  cage  '  '  1HV-4910-00-204-2448 

22.  900  X  16  8-ply  NDMS  tire  w/rim 

23.  Automotive  rim  w/tire  ? 
•I.  CONDITIONS: 

A.    Student  teams  (2-3  men  each)  are  assigned  to  an  M-715  1-1/4  ton 
cargo  truck  to  accomplish  the  task  of  removal,  disassembly, 
*  inspection  of  parts  for  wear,  replacement,  reassembly,  and 

adjustment  of  power  train  components. 

II PROCEDURES:    As  outlined  on  the  attached  pages  of  the  EWO  and 
continuation  sheets. 


A. 

Steering  gear 

B. 

Tire  service  > 

c. 

Transmission  3 

D. 

Clutch 

A        .  - 

E. 

Differential  . 

1 

1 

F. 

Frakes 

G. 

Chassis  lubrication  /* 

H. 

i 

Air  c leaner/ crankcas^  ventilation 
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ft.    Tire  Service:  {  / 

NOTE:  The  procedural  steps  for  disassembly  and  reassembly  of  the 
split-rim  vehicle  tire  wilL  be  performed  by  one  team  under 
direct  supervision  of  an  instructor. . 

1.  Demounting  tubeless  or  tube-type  tires: 

a.  Place  wheel  on  the  conical  contour  table  of  the  tire  demounter 
machine. 

b.  Deflate  tire^y  removing  the  valve  core. 

c.  Position  the  tire  with  the  valve  midway  between  the  bead-  % 
loosener  shoes. 

d.  Remove  all  weights  from  top  rim  flange. 

e.  Position  hold-down  cone  properly. 

f .  Set  detent  control  knob  to  proper  rim  size,  position  top 
-  bead  loosening  guide. 

g.  Place  combination  tool  under  tire  bead  and  the  other  end 
over  center  post  key.  >  . 

h.  Press  foot. pedal  valve. 

2.  Mounting  tubeless  or  tube-type  tires. 

» 

NOTE:    Use  extreme  caution  wheti  seating  or  inflating  tires  - 

never  place  yojur  head  over  the  tire  -  pneumatic  pressure 
can  kill  or  maim. 

a.  Apply  rubber  lubricatipn  to  the  bead  before  mounting  tire 
on  the  rim.  * 

b.  Place  tix?e  over  the  wheel  rim  at  an  angle. 

c.  Place  or  hook  the  mounting  end  of  the  combination  tool 
over  the  rim  flange,  and  insert  the  other  end  over  the 
center  "post  key".  ~  "  T" 

d.  Depress  foot  pedal  valve. 

e.  Repeat  step  (2b)  for  the  top  bead  mounting. 
f\    Loosen  "but  do  not  remove"  hold-down  cone. 
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g.  Place  bead  expander  over  outside  of  tire  and  inflate 
"Do  not  exceed  5  P.S.I." 

h.  Inflate  until  bead  sets.  ' 

i.  Remove  bead  expander. 

«  ■  * 

j.    Remove  hold-down  cone.  , 

k.    Install  valve  core  and  inflate  tire  to  specified  tire 
pressure. 

 1,    Remove  tire  assembly  from  tire  demounting  aachinfe.  

Instructor  Check  Point   

3.  Repair  of  inner  tubes  (cold  patch): 

a.  Roughen  the  injured  area  to  exceed  the  i  vtch  size. 

b.  Apply  rubber  cement  to  roughened  area,  allow  the  cement  to 
air-dry  for  a  few  seconds. 

c.  Position  the  patch  squarely  over  the  injured  area.  "Keep 
fingers  off  the  clean  area  of  the  patch". 

d.  Use  knurled  wheel  from  patch  kit,  and  roll  patch  from 
center  to  edge.    Repeat  this  process  a  few  times  to  insure 
the  patch  is  seated. 

e.  Inflate  tube  and  check  for  air  leak. 
Instructor  Check  Point   

4.  Repair  6f  inner  tttbes  (hot  patch): 

a.  Royghen  the  injured  area  to  exceed  the  patch  size. 

b.  Select  right  size4  hot  patch  for  the  injured  are*. 

c.  Remdye  the  protective  cover  from  bottom  of  patch,  and  place 
patch  squarely  over  the  injured  area. 

d.  Position  inner  tube  and  hot  patch  in  the  clamp  vise  and 

* 

tighten. 

e.  Ignite  the  hot  patch  burnable  material.  -  + 

f .  >  Allow  the  metal  portion  to  cool  (2-3  min.)  loosen'  the  clamp 

vise,  remove  the  inner  tube,  discard  the' metal  portion. 

> 

g.  Inflate  tube  and  check  for  air  leak. 

Instructor  Check  Point   -  »  
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CONSTRUCTION  MECHANIC ' SCHOOL 
NAVAL  CONSTRUCTION  TRATNING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 


CLASS  "A" 


TOPIC  3.1.1.  SUSPENSION  FIELD  TEST  #1 
I.    The  most  common  type  of  frame  design  use  on  6  x  6  trucks  Zh  ton 


and  5  ton: 


a.  Box  design  or  channel. 

b.  X  member  designs 


c.  Unit  body  design. 

d.  I  beam  design. 

2.  The  most  common  type  of  shock  absorber  in. use  for  automotive' vehicles 
is  the:' 

a.  Single-acting  type, 

b.  Double-acting,  parallel  piston  type. 
C.    Double-acting,  telescoping  type. 

d.    Double-acting  opposed-piston  type. 

3.  Which  of  the  following  statement  is  NOT  correct? 

a     Springs  are  bolted  or  pin-connected  to-  the  spring  shackles  and  hangers. 
\   b.    Spring  shackles  connect  the  spring  assembly  rigidly  to  the  axle  assembly. 

c.  Spring  clips  (U  bolts)  connect  the  spring  assembly  rigidly  to  tae 

axle  assembly.  . 

d.  Spring  rebound  clips  stop  spring  leafs  from  separating  on  compression. 

and  rebound. 

4.  When  removing  springs  from  a  vehicle,  the  first  step  to  take  is  to: 

a.  Remove  the  shackle  $ins.  * 
-  b.    Remove  the  spring  clips. 

c.  Place  safety  stands  under  the  frame. 

d.  Remove  the  rebound  clips. 

5.  The  basic  types  of  wheel  suspension  systems  are. 

a;  "Beam  typer  independent^, and  kingpin. 

b.  Beam  type,  independent  and  bogie. 

c.  Beam  type,  independent,  twin  I-beam; 

d.  Beam  type,  kingpin  and  ball  joint. 

6.  The  most  comrac-n  type  tire  rim  found  on  passenger  cars  and  small  trucks  is. 
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a.  Safety  rim. 

b.  Split  rim. 

c.  Both  a  &  cf 

d.  Drop  center. 

7.    The  types  of  steering  gear' units  are  recirculating  .ball,  worm  and 
roller,  worm  and  sector  and: 

a.  Lever  and  roller; 

b.  Cam  and  worm* 

 — Roller  and  sector.  

d.    Cam  and  lever* 

9.    Tires  with  the  "V"  type  directional  "tread  should  be  mounted  on  the.   __ 

drive  axle. 

a.  With  the  point  of  the  "VH  so  that  it  meets  the  ground  last, 
.b.  'It  makes  no  difference.* 

S.    With  the  point  of  the  "VM  ^so  that  it  meets  the  ground  first, 
d.    None  of  the  above. 

9.    What  two  adjustments  can  be  made  on  the  worm  and  roller  steering  gear 
assembly? 

•  ) 

a;    Backlash  and  cross  shaft  bearing  preload. 

b.  Bearing  preload  and  '  backlash* 

c'  Cross  shaft  backlash  and  cam  bearing  prejoad. 
d.«   Cam  bearing  backlash  and  cross  shaft  preload. 

10.*  The*  purpose  of  wheel  balance  is:    *  %    '  « 

a.  For  easier  steering.  , 

'  b.  To  prevent  rough  riding. 

c.  To  prevent  tire  wear. 

d.  For  all  of  the  above.- 
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CONSTRUCTION  MECHANIC  SCHOOL 
NAVAL  CONSTRUCTION  TRAIN INC  CENTER 
PORT  HUBNEME,  CA.    93043  — 

CUSS  "A"'' 

TOPIC  3.1.2.  POWER  TRAIN  FIELD  TEST  #2 

1.    What  is  the -usual  result  in  clutch  operation  when  there  is  excessive 
clutch  pedal  travel. 

a.    There  is  no^ff ect  on  clutch  operation.  

*       b!    The  clutch  will  slip  while  'engaged. 
"    c'  The  clutch  will  not  disengage. 

d     There  is  excessive  wear  on  the  release  bearing. 

 "  ,  .   '  I  • 

1.    How  many  drive  surfaces  are  employed  in  a  single-disk  type  automotive 
clutch? 

a.  One  * 

b.  "  Two 

c.  Three  , 
*    d.  £our 

3.    The  purpose  of  the  clutch  pilot  bearing  is  to: 

*  a.  Align  the  pressure  plate. 

b.  Support  one  end  of  the- transmission  main  shaft. 

c.  Support  one  end  of  the  clutch  shaft. 

d.  Support  one  end  of  the  crankshaft. 

'  4.    Which  of  the  following  parts* of  the  clutch  will  not  be  rotating  when 
the  engine  is  running,  clutch  disengaged? 

a.  Pressure  plate.  ~ 

b.  Release  bearing. 

c.  Clutch  drive  disk  and  clutch  shaft. 

d.  Clutch  dover  and  spring  assembly.  ^  / 

5,  In  many  new  trucks  with  "straight  stick"  transmissions;  Moublfe  clutching 
is  eliminated. 

a.  By  using  sliding  gears  of  the  spur  type.    ^    -  - 

b.  By  using  sliding  gears  of  the  spiral  type. 

c.  By  using  a  synchromesh  device. 

d.  *By  using  a  combination  of  constant  mesh  and  sliding  gears. 

6.  *  The  most  common  type  differential  in  use  on  modern  aiitbs  is  the: 

a.  Spur-bevel  type. 

b.  -    Wonn^and  spur  type', 
c    Spiral-bevel  type, 
d.    Hypoid  type.   .  /    ^  ^  2) 
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The  first  adjustment  to  be  made  when  repairing  a  differential  gear 
assembly  is  to:  t 

a.  Adjust  the  run-out". 

b.  Adjust  the' pinion  preload. 

c.  Adjust  the  tooth  contact, 

d.  Pre-load  the  carrier  bearings. 

Most  military  tracks  use  a  transfer  case  to  deliver  power  to: 

a.  The  front  wheels  only.  -  * 

b.  The  rear  wheels  only. 

c.  The  four  rear  driving  wheels  only.  * 

d.  All  dtivitig  wheels,  front  and  rear. 

One  purpose  of  the  automotive  power  take  off  unit'is  to: 

a.  Act  as  an  emergency  transmission* 

b.  Furnish  a  dual  speed  gear  ratio. 

ct  Change  the  direction  of  the  power  flow.  <> 

'  d.  Operate  the  winch. 

The  .side  gears  and  the  differential  pinion  gears  rotate*  in  the  differential 
carrier  when  the  vehicle  is: 

a*    Proceeding  straight  down  the  highway, 
b.    Turning  right  or  left. 

Backing  straight  down  the  highway. 


c. 


d.    Climbing  a  steep  grade. 
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NAVAL  CONSTRUCTION  TRA1NINC  "CENTER 
a  PORT  HUENEME,  CALIFORNIA  93Q43 

CLASS  "A" 

*  TOPIC  3.1.3.  BRAKE  SERVICE  FIElS  TEST  #3 

1.    The  purpose  of  the  vent  hole  in  the  master  cylinder  filler  cap  is  to: 

a.  Allow  the  atmospheric  pressure  to  keep  the  cylinder  filled  with  fluid* 

b.  Allow  the  excess  fluid  to  escape  from  the  reservoir. 
*    '  c.    Allow  excessive  fluid  to  enter  the  reservoir. 

d.    Allow  excess  atmospheric  pressure  to  escape  from  the  reservoir. 

2„    On  of  the  functions  of  the  return  spring  in  the  brake  master  cylinder  is 

to.  . 

«  -* 

a.  ,  Hold  the;  primary  cup  in  an  upright  position-  "^—^ 

b.  Hold  the  e'dges  of  the  primary  cup  against  the  cylinder  walls. 

c.  Maintain* 1Q  psi,  of  pressure  in  the  brake  lines.  C 
W         d.    Act  as  a  valve. to  open  and  close  the  by-pass  port.  </ 

3.  A  malfunctioning  check  valve  in  the  brake  master  cylinder  might  cause 

a.  L^akage^at  the  wheel  cylinders.  ,  _  /  /** 

b.  Excess  pressure  build-up  in  the  lines.  /  \ 
c*    Brake  shoes  to  drag  against  the  drums. 

d.  A  loss  of  pressure  in  the  master  cylinder.  * 

*  <  -* 

4.  When  bleeding  air  from  the  hydraulic  brake  system,  which  of  the,  following- 
shbuld  be  bled  first?  ^  *  < 

a.  'The  suspected  wheel  cylinder. 

b.  Both  front. wheel  cylinders* 

c.  The  wheel  farthest  from  the  master  cylinder         w  <c~~~ 

.  d.  The  wheel  nearest  the  master  cylinder.  4  j 

5.  The  primary  function  of  the  brake  "backing-plate"  is  to. 


a.  Keep""dust^6ut"df  "the  wftee I sf  moving  parts 7 

b.  Help  support  the  wheel  and  drra. 
.   c.    Support  the  brake  shoes. 

d.    Support  thy  wheel  cylinder  and  anchor  pins. 

6.    Brake  drums  are  usually  made  of  cast  iron  because  it. 

a.  Makes  the  drums  lighter. 

b.  Makes  the  drufcs  stronger.  j  '  ,A 

c.  *  Makes  "the  drums  operate  cooler, 
.d.  Makes  the  drums  heat  evenly. 
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The  slave  cylinder  and  piston  in  the  air  over  hydraulic  brake  is  t^secj  to: 

a.  Aid  the  roaster  cylinder  check  valv*  in  keeping  10  psi  of  pressure 
on  the  brake  lines.  $ 

b.  Control-  the  amount  of  atmospheric  pressure  and  vacuum  to  the  power 

*  *  unit.  1  . 

c.  Step  up  hydraulic  pressure  and  give  more  positiV^  application  of 

)      brakes.  . 

d.  Replace  the  "old  type"  master  cylinder  unit  and  its  lingage.  ^ 

8     In  the  ftgndix  Air  Pac.  the  cohtrol  valve  is  operated  by  what  means?  

a .    Mechanical  ly . 
.b.    Hydraulic  pressure. 

c.    Air  pressure. 9  m  ;? 

6 .  *  Vacuum.  ^  * 

Most  air  brake  systems  have  two  receiver    tanks  so  as  to.  ^ 

a.  Store  compressed  air  .for  pulled  trailer  units  as  well  as  the  trucks 
own  brakes. 

b.  Furnish  a  means  of  collecting  condensation  which  may  be  formed  due 
to  compression  heat .  £ 

.ume  of  air  pr 


c.    Have  a  constant  volume  of  air  pressure  to  operate  the  compressor 

unloader  head. 
4d.    All  of  the  aboveTlare  true.  ^ 

The  "slack  adjuster"  on  an  air  brake  unit  is  the  adjusdnenjL  unit  which 
compensates  for. 


a*.  Incorrect  pedal  linkage. 

b.  Incorrect  governor  control  settings. 

c.  Major  adjustments  of  the  brake  shoes. 

d.  Normal  brake  lining  wear. 
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Crawler  Traddf  Powerirain  Maintenance 


.    Materials  (Consumable): 
a.    Welding  gloves. 
Welding  goggles. 

c.  Fsce  shields. 

d.  Sheet  Set si. 

e.  Oxygen. 

f.  Mspp  gss. 

0 

g.  Igniters. 

h.  Hoses. 

i.  Tips. 

j.    Tip  clesners. 
Training  Aids  snd  Devices: f 
1.    Films.  t 


CM  "A"  IG  4.1.1  . 
\ 

Criterion  Test:    Light  off  snd  sdju.t  %Um of 
.  Oxy-Mspp  gss  outfit  to  ssf ely  perf or.  heeting 
^LeStlSg  operstion.  ss  e.tsblished  by  Job 
Sheet  without  deviation. 

Homework: .  Study  SW  3  4  2,  MAVPERS  10653-E, 
pp.  152  -  170  snd  187  -  220. 


/ 


a.  MV9861  "OxyecetyleneJ^ti«g*Menusl",  (9  min.), 

b.  MN-1921-G,  "Safety  for  Welders",  (7  min.). 
Locally  Prepsred  Materials:  -  £ 

a  *    Job  Sheet.  m  - 

(1)    CM  "A"  JS  4.1.1.1,  "Oxy-Mspp  Gss  Hesting 
and  Cutting".  * 


Training  Aids  Equipment: 

1.    16am  Sound  movie  projector.4 
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OUTLINE  OF  INSTRUCTION 

I,    Introduction  to  the  lesson. 

A.  Establish  contact.  ; 

1.  Name; 

2,  topic:    Oxy-Mapp  Heating  and  Cutting 

B.  Establish  readiness ♦ 

1,  Purpose* 

2 .  Assignment . 

C.  Establish  effect. 
1.  Value. 

a*    Pass  course. 

b.    Perform  better  on  the  job. 


c.  Get  advanced. 

d.  Be  a  better  mechanic. 
D.  Overview: 

1.  State  objectives. 

2.  Take  notes. 

3.  questions. 
4 Materials . 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  4.1-1 
STUDENT  ACTIVITY " 


I. A.    Introduce  self  and  topic. 


I,B.«  Motivate  student. 


I.C.  Bring  out  need  and  value 
of  material  being  presented. 


I.D.    State  learning  objectives. 

1.    State  information  and 
materials  necessary  to  guide 
student . 
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OUTLIHB  OF  IMSTHUCTIQH  . 
II.  Presentation. 

A.*  Welding  Gases. 
1.    Mapp  Gas. 

a.  Characteristics. 

(1)  A  chemical  liquid  compound  of  . 
Methylacetylene  PropadjJLene  (Mapp 
Gas)  is  used  as  a  replacement  for 

J  Acetylene  due  to  ease  and  safety 

in  shipping. 

(2)  Colorless  and  has  a  sewage  odor 
which  is  detectable  at  very  low 
levels . 

b.  Stowage:    Stowed  and  used  Upright . 
Each  cylinder  contains  70  lbs  of 
liquid  Mapp.    If  cylinders  have  been 
layed  down,  stand  up  for  use. 

Safety:    Cylinders  yellow  in  color; 
contains  no  packing  material.  Safety 
valve  releases  at  375  PSI  and  resets  „ 
at  350  PSI. 

B.  Oxygen. 

1.  Charactsjristics. 

a.  Colorless,  odorless  and  tasteless. 

b.  Will  not  burn,  but  supports  combustion. 

c.  Industrial  is  not  for  breathing. 
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CM  "A"  IG  4.1.1 
STUDENT  ACTIVITY 


II.A.l.a.(l)  Show  how  Mapp  and  Il.A.l.a. (1)  Inspect 
Acetylene  cylinders  differ  cylinders, 
and  why. 


Il.A.l.a. (2)  Crack  valve  and 
permit  small  amount  of  Mapp 
gas  to  escape. 


:.a.jL 


II.A.r.a.(2)  Smell 
gas  to  recognize  odor. 


II. A. I.e.  Point  out  location  II.A.l.c.  Inspect 
of  safety  valve.  safety  valve. 


II.B.l.  Display  cylinder  and 
release  some  gas. 


II.B.l.  Note  that 
oxygen  has  no  odor. 


/ 
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OUTLINE-  OF  INSTRUCTION 
2.  Stowage. 


a.    Stowed  upright  and  separated  from 
'  Acetylene  and  Mapp  gas  by  fireproof 
/  partition. 

3.    Safety.  * 

a.  Cylinders  are  green  in  color. 

b.  Safety  plug. 

(1)  Located  on  back  of  cylinder  valve. 

(2)  Ruptures  at  2600  to  3000  PSI. 

(3)  Melts  at  208°  -  220°F. 

c.  Cylinders  contain  no  packing  material. 

d.  Cylinder  contains  200  cu.  ft.  of  gad  at 
approximately  2000  PSI. 

NOTE:       "Remember"  put  the  steel  cap  back 
on  both  oxy  and  Mapp  bottles  unless 
regulators  are  attached. 

C.    Welding  equipment. 

'  it 

1.  Regulators. 

a.    Single-stage  regulator. 

(1)  Reduces  gas  pressure  in  one  step. 

(2)  Most  common  used  and  simplest  in 
construction. 


INSTRUCTOR  ACTIVITY 

II. B. 2.  Stress  the  importance 
of  keeping  oil  and  grease 
away  from  oxygen. 


II. B. 3.  Point  out  position 
of  safety  plug. 
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CM  "A"  IG  4.1.1 
STUDENT  ACTIVITY 


II. B. 3.  Inspect 
safety  plug. 
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OUTLINE  OF  INSTRUCTION 


b.    Two-stage  regulator. 

(1)  Reduces  gas  pressure  in  two  steps. 

(2)  Most,  effective  and  efficient. 

2.  Operation  of  regulator. 

a.  Turn  adjusting  screw  in  (clbckwise)  to 
increase  working  pressure. 

r 

b.  Turning  adjusting  screw  out  (counter- 
clockwise) decreases  working  pressure. 

3.  Gauges. 

a .    Oxygen . m 

(1)    High  pressure  gauge  show  cylinder 
pressure. 

(a)  3000  PSI  (High. reading 
safety  factor) . 

(b)  Shows  cu.  ft.  oxygen  remain- 
ing in  cylinder . 

{2)    Low  pressure  oxygen  (working 
pressure) . 


(a)    SO  PSI  for  welding  and  cutting. 


INSTRUCTOR  ACTIVITY 
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STUDENT  ACTIVITY 
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II.C.3.a.(l)  Point  out  which  is  II. C. 3. a. (13  Inspect 

the  cylinder  pressure  gauge  regulators, 
and  which  is  the  line  pressure 
gauge . 


II.C.3*a*(2)  Attach  Mapp  gas 
regulator  tQ  Miapp%  tank,  and- 
oxygen  regulator  to  oxygen  tank. 

II. C. 3. a. (2) (a)  Point  out  that  the 
Mapp  'regulator  has  left-hand 
(hreads  and  the  .oxygen-  regulator 
has  right-hand  threads. 
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OUTLINE  OF  INSTRUCTION 

(b)  200  PSI  for  cutting. 

(c)  400  PSI  for  heavy  cutting. 

b.  Mapp. 

(1)  High  pressure  gauge  show  cylirider 
pressure . 

(a)  500  PSI  (high  reading 
safety  factor). 

(b)  Shows  cu.  ft.  Mapp  regaining 
in  cylinder. 

(2)  Low  pressure  gauge  shows  working 
pressure • 

NOTE:    Acetylene  regulators  are  used  for 
Mapp  gas. 

*  i 
4.    Welding  hose. 

a.  Oxygen. 

(1)    Green  or  black  color. 

{2/  Connections  are  right-hand  threads. 

b.  Mapp. 

(1)    Red  in  color. 


INSTRUCTOR  ACTIVIT* 


:  Z83 

CM  "A"  -IG  4.1.1 
STUDENT  ACTIVITY 


<0  \ 


II.C.4.b.  Point  out  the  Mapp 
hose  connections  have  a  groove. 


(2)    Connections  are  left-hand  threads.      II.C.4.b.(2)  Connect  hoses  to 

regulators . 
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ERIC 


5.    Welding  torches  (butts), 
a.    Two  general  classes. 


( 


(1)  Medium  or  equal  pressure  (most 
used) .  *~ 

(a)    Gases  delivered  above  1  PSI. 

(2)  Injector  or  low  pressure. 

(a)  Mapp  pressure  under  1  PSI. 

(b)  Oxygen  pressure  10  to  50  PSI. 

NOTE:    All  are  designed  to  supply  equal 
*  parts  of  oxygen  and  Mapp  at  the 

torch  tip. 

Welding  tips: 

a.  Controls  volume  of  heat. 

b.  Size  of  tip  measured  by  diameter  of  tips 
hole. 

c.  Tips  are  countersunk  for  Mapp  gas 
(gives  a  more  stable  flame) • 

Cutting  torches  and  tips: 

a.  Cutting  torch.  ~* 
(1)    Hose  connects  directly  to  torch  1 

b.  Cutting  attachments. 

(1)    Connect  directly  to  welding^  torch 
(butt) . 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  4.1  2& 
♦STUDENT  ACTIVITY 


Connect  torch  butt  to  hoses. 


II.C.6.9.  Connect  welding  tip  II.C.6.C.  Inspect 

to  torch  butt.  completed  hook-up. 

II. C. 7.    Remove  torch  tip  and  II. C. 7.  Ihs^ect^cutting 

connect  cutting  attachment.  attachment  hook-up. 
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c.    Cutting  tips  for  Mapp  and  okygen. 

(1)  One  large  hole  in^  cettter  for  jet 
of  oxygen. 

(2)  Eight  or  more  slits  around  center 
for  preheat. 

NOTE:    Never  use  Mapp  gas  modified  tips 

with  Acetylene  because  of  backflash/ 

D*  '  Theory  of  Oxy-Mapp  cutting. 

1.  All  matter  oxidizes. 

a.  Ferrous  metals  rust. 

b.  Noji-ferrous- metals  corrode.* 
c^/t/ood  rot  8. 

2.  Oxygen  is  required  to  keep  a  fire  burning. 

/* 

3.  The  preheating  flames  heat  the  metals  to 
their  kindling  temperature. 

a.    1400  to  1600°F. 

E.~    Metals  that  can  be  cut. 

<1.    Wrought  iron,     ,  ' 

2.  Cast  steels. 

3.  Carbon  steels. 

4.  AlloVed  steels. 


INSTRUCTOR  ACTIVITY 


II. D.    Introduce  and  show 
film,  HV9861  "Oxyacetylene 
Cutting  Manual"  (9  mii^.). 
Review  high  points  of \ film. 
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II. D.    Take  notes. 
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F.    Pre-cutting  procedures. 

1.    Selection  of  cutting  tip. 

a,  .    Thickness  of  metal. 

b.  Type  of  cut  to  be  made, 

(1)  Heavy  cutting. 

(2)  General  cutting. 

(3)  Rivet  cutting. 


2.    Select  correct  oxygen  ai^  Mapp  pressure 
for  tip. 

a.  Mapp  -  3  -  10  PSI  for  plate?  up  to 
3M  thick. 

b.  Ojcygen  -  5  -  10  PSI  for  plate  up  to 
1"  thick,  10  -  20  PS£  for  pl*te  1"  to 
2"  thick,  aiid  10  -  30  PSI  fo*  plate 

2  1/2"  to  6"  thick. 


To  start  cut: 

%  if 

a.    Adjust  flame  to  neutral*. 


4 


b..    Test  tp  see  that  flame  remains  neutral, 
by  releasing  a  stream  of  oxygen. 

G.    Cutting  procedures. 

1.  Neutral  flame  a  nju&t'on  all  cuts. 

2.  Metal  is  heated  to  cherry  red  or  kindling 
temperature  on  all  cutis. 


INSTRUCTOR  ACTIVITY  \ 

II.F.  * 

1.  Discuss  film*  .and 
theory  of  gas  cutting. 

2.  Hook  up  regulators, 
hoses  torch  butt  and  cutting' 
replacement • 

3.  Light  and  adjust 
cutting  flame. 

4.  Show  the  students  the 
difference  between  the  Mapp 
and  Acetylene  cutting  tips. 

5.  Select 'correct  size 
tip  for  metal  thickness  to 
be  cut. 

II.F. 2.  Adjust  regulators  for 
correct  pressure  for  size  of 
tip. 


CM  "A"  IG  4.1.1 
STUDENT  ACTIVITY 


II.F. 

1.  Practice  light- 
ing and  adjusting  flame. 

2.  Attach  correct 
size  cutting  tip  to 
cutting  adjustment. 


II.F. 2.  Adjust  regulators 
for  correcft  pressure. 


II.F.&b.  Light  torch  and  adjust 
to  neutral.  * 
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3. 


Always  check  your  surroundings  for  & 
combustible  materials. 


j£  Never  cut  on  or  in  a  tank  or  container 
until  a  safety  check  has  been  made. 

5.    A  straight  cut. 

a.  Hold  heating  flames  approximately 
1/16"  above  the  metal. 

b.  Tilt  torch  to  thin  edge  for  rapid 
heat-up. 

c.  Release  oxygen  when  steel  is  to  the 
kindling  point. 

d.  Hold  torch  steady  along  line  of  cut, 


H.    Faults  in  cutting. 
1.    Preheat  flame. 
*  a.    Too  short. 

(1)    Cut,  looks  gouged,  at  bottom. 


b.    Too  long. 

(1)    Top  edge  of  cut  melted. 

2.    Oxygen  pressure, 
a.    Too  low. 

(1)    Top  edge  of  cut  melted. 


INSTRUCTOR  ACTIVITY 


II.G.S.a.  Make  a  straight 
line  cut. 


II. H.  Demonstrate  results 
of  faults  in  cutting. 
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STUDENT  ACTIVITY 


II.G.S.a.  Light 
torch. 


II.G.5.d.  Make  a 
straight  line  cut. 


4r+  *y 
Db 
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b.  Too 

high. 

(1) 

Cut  rough  and  uneven. 

Cutting 

speed. 

a.  Too 

slow. 

(1) 

Drag  lines  uneven. 

b.  Too 

fast. 

(1) 

Drag  'lines  rough. 

4. 


Bottom  of  kerf  (the  narrow  s^t  that  is 
formed)  should  be  clean  of  slag  or  oxides, 
if  not  clean  the  tip. 


I.    Safety  in  cutting. 
1.  Tips. 


a.    Never  use  Mapp  gas  cutting  tips  with 
Acetylene. 


b.    Acetylene  cutting  equipment  can  be 
used  safely  with  Mapp. 


III.  Application 


A1.   Vfactle.al  exerdiserf*in  lighting  dff  afad  .adjust. 
Aflame  of  Oxy-Mapp  gaa  outfit  to  safely  perform 
heating  and  cutting  operations  as  established 
by  job  sheet  without  deviation. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  4.1.1 
STUDENT  ACTIVITY 


7-80 


II. I.  Introduce  and  show  film  II. I.  View  film  and 
NM1021G  "Safety  foTrWelders1'.    take  notes. 

a.    Review  high  points  a.  Participate 

of  film.  in  discussion. 


,  IIJLA,  MrecX>^ip?rvi§e  ajid  _  III  *K.  J  Light  off  and 
evaluate  student  heating  and  adjust  flame  of  Oxyf 
cutting  exercise.  Mapp  gas  outfit  to 

safely  perform  heating 
and  cutting  operations 
.  *y  as  established  by  job  ^ 

sheet  without  deviation.  - 
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IV.  Summary.  j 

A.  Welding  gases. 

B.  Oxygen.       '  * 

C.  Welding  equipment. 

D.  Theory  of  Oxy-Mapp  cutting. 

B.    Metals  that  can  be  readily  tut 

F.  Pre-cutting  procedures. 

G.  Cutting  procedures. 

H.  Faults  in  cutting.  '  f 

.  i 

I.  Safety  in  cutting. 

V.  Test: 

A.    End  of  unit  test. 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 


Classification:  Unclassified 
Topic:    Construction  Equipment  Power  Trains 
Average  Time:    12  Periods  (Class),  30  Periods  (Pract) 
Instructional  Materials : 

A.  Texts: 

1.  Operation  and  Maintenance  Instructions,  Cater- 
pillar D4D  Tractor,  Serial  NoTs  78A1-UP, 
86A1-UP,  Form  34887-2,  pages  61-81. 

2.  Service  Manual  for  Caterpillar  D4D  Tractor, 
Serial  No.  78A1-UP,  Sec.  15B-30,  GroVips  2C, 
40,  70,  80,  90,  110,  119,  120,  140,  160  and 

<e  ^  180. 

3.  Service  Manual,  International  Model  250  and 
250  Series  B  Loaders  and  TD-20  Series  B 
CrawTer  Tractor  Chassis,  Form  ISS-1050-1, 
Section  6.    International  Harvestor  Co., 
401  North  Michigan  Avenue,  Chicago,  Illinois 
60611. 

'         :  4*  'Servici  Mailual^CaterpiHa^  Serial 
-number  35A1-UP,  36A1-36A4468;  46A1-46A1-0724 
Group  65.1,  Page  1,  Caterpillar  Tractor  Co., 
Peoria,  Illinois. 

B.  References:  None. 

C.  Tools,  Equipment  and  Materials: 
4$2  J  •  (i  of  62) 


Terminal  Objective:    Upon  completion  of  this 
unit  each  student  will  be  able  to  service  the, 
power  train  and  chassis  units  of  the  Catetpiilar 
D4D  Crawler  Tractor.    Using  appropriate  handtools, 
special  tools,  shop  equipment  and  Oxy-Mapp  gas 
outfit,  he  will  remove,  disassemble,  inspect, 
and  replace  worn  parts,  assemble  and  adjust  the 
master  clutch,  transmission,  steering  clutches,  , 
final  drive/sprocket  assembly,  bevelgear  assembly 
and  track-roller  frame  assembly.    All  tasks  will 
meet  manufacturer's  specifications  without 
deviation  as  specified  in  Job  Sheet^  CM  "A"  JS 
4.1.1.1,  "Oxy-Mapp  Gas  Heating  and  Cutting",  and 
CM  "A"  JS  4.1.2.1,  "Servicing  the  D4D  Caterpillar 
Crawler  Tractor  Power  Train".    Adjust  the  Inter- 
national Model  260  Cabie  Control  Uni£  using 
appropriate  handtools  and  shop  equipment.  All 
adjustments  will  conform  without  deviation  to 
manufacturer's  specifications  as  spdHjJied  in  the 
Job  Sheet  CM  "A"  JS  4.1.3.1,  "Adjusting  Inter-/ 
national  Model  260  Cable  Control  Units", 

Enabling  Objectives:    Upon  completion  ot  this  topic 
each  studfent  will  be  ablest*  service  the  power 
train  and; chassis  units .off  the  Caterpillar  D4D 
Crawler^TTract&i*  Vhiit  «W%  ^-atmembar-  o£  *-,team 
using  appropriate  h&rtd^ools,  special  tools,  shop 
equipment  and  materials.    Specifically,  he  will 
remove,  disassemble,  inspect,  replace  worn  parts, 
assemble  and  adjust  the  master  clutch,  transmission 
steering  clutches,  final  drive/sprqcket,  bevel- 
gear  assembly,  and  track  roller  frame  assembly. 


CM  "A"  IP  4.1.2  '*> 


1.  >Tools:  ~  1 

a.    Heavy  equipment  handtools. 
\b.    Caterpillar  crawler  tractor  tools. 

2.  Equipment: 
a.  Major. 

(1)    Caterpillar  D4D  Crawler  Tractor 
(6  each) . 

3.  _  Materials;  (Consumable) .  ^m 

a.  Cleaning  solvent, 
b •    Grease • 

c.  Gear  oil. 

d.  Diesel  fuel.  , 

e.  Wiping  rags. 
Training  Aids  and  Devices: 

1.-  Films: 

*  f  ' 

*  a.    MH-lulhj  "!t,Canitappen-",  International 
>;  Harveptor  Co.  (Color,  20  rain.). 

b.  MK-8146  "The  Gamblers",  Caterpillar 
\j     Tractor  Co.  (Color,  20  rain.). 

c.  ROL-002  "The  Roll  of  Drums",  Caterpillar 
Tractor  Co.  (Color,  20  rain.). 


All  tasks  wi^.1  meet  manufacturer's  specif ica«tons 
without  deviation  as  specified  in  the  Job  Sheet 
CM  "A"  JS  4.1.2.1,  "Servicing  the  D4D  Caterpillar 
Tractor". 

Criterion  Test:-  While  working  as  a  member  of  a 
team,  remove,  disassemble,"  inspect,  replace  worn 
parts,  assemble,  lubricate  and  adjust  power " train 
components  of ^bhe^aterpillar  D4D  Crawler  Tractor. 
All  tasks  are  to'conform  to  manufacture-]: *s 
specifications  as  specified  in  the  Job  Sheet  CM  "A 
JS  4.1.2.1,  "Servicing  the  D4D  "Caterpillar 
Crawler  Tractor  Power  Train". 

Homework:    Read  "Operation  and  Maintenance 
Instructions",  Caterpillar  D4D  Tractor  Form  * 
34887-2,  pages  61-81. 
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d.  76-S  "Short  Cut",  Caterpillar  Tiactor 

*  >  >  •    3Co.r  s<Colori;2Q  min.)  • 

e.  9051  "Boss  of  the  Bulldozers'1,  Caterpillar 
Tr*ctor  Co.  (Color,  20  min.). 

2»    Slid*  Presentation  sets 

a.  CT-2^  "Torque  Converter11,  International 
Harvester  Co •  (Set  of  56  slides). 

b.  CT-26  "Power  Shift"*,  International  Harvester 
Co.  (Set  of  80  slides) . 

*  c.    JEG0-1104  "Track  Type  Tractors" ,  Caterpillar 

Tractor  Co.  (Set  of~ 65  slides). 

d.    JEGG-1106  "Sprocket  Removal  andlpstaliation" 
Caterpillar  Tractor,  Co.  (Set~ai  50  slides).  , 

♦  e>    JEG0-1706  "Safety  and  You",  Caterpillar 

Tractor  Co*  (Set  bf  19  slides). 

f .  -JEOO-1601  "Direct  Drive  Transmisgiotf V 

Caterpillar  Tractor  Co.  (Set  oi  50  slides). 

g.  JEOO-1602  "dutches,  Part  1"-,  Caterpillar 
Tractor  Co. /Set  of  63  slices). 

-       {  / 

h.  JEOO-1603^*Clutches,.  Part  2,  Caterpillar 

Tractor  Co,  (Set  of  46  slides). 

l.    JEOO-1604  "Power  Shift",  Caterpillar 
4   Tractor  Co.  (Set  of  54  slides). 

j.    JEOO-1606  "Final  Drives,  Part  1",  Caterpillar 
Tractor  Co.  (Set  of  slides). 
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3.    Slides  (single).  *  ^ 

a.  CM  "A"  S  4. 1,2.1,  "D-8  Crawler  Tractor  w/o 

Blade"  . 

b.  "A"  S  4.1.2.2,  "MRS-I-110  Wheeled  Tractor 

w/o  Attachments11. 

c.  CM  !JA"  S  4. J. 2. 3,  "I.H.C.  Wheeled  Tractor  w/jd 
►        -  - -■  XEtacfinent8n". 

d.  CM  "A"  S  4,1.2.4,  "D-7  Crawler  Tractor  with 

std.  Dozer  Blade". 

e.  CM  "A"  -S  4.1.2.5,  "D-8,  Crawler  Tractor  with 

Angle  Dozer  Blade". 

f.  [  €H  "A"  #S  4.1.2.6,  "955  .Crawler  Front  End 

<  '  Loader  w/ std.  Bucket".  -  . 

g.  ^CM  "A"  S  4.1.2.7,  ,,MRSrS-l  10  Scraper  with  MRS- 

1-110*  Tractor". 

h.  CM  "A"  S  4.1.2.8,  "Galion  118-T  Motor  Grader".  '  •  .    ^  ^ 

i.  CM  "A"  S  4^.2.9,  "3  Axle  Road  Roller".  ' 
j.    CM  "A"  S  4.1.2.10A,  "Sheepsfoot  Roller  (Towed)".- 

k.    CM  "A"  S  4.1.2.10B,  "Wobbly  Wh,eel  Roller  *    •  \ 

(Towed)". 

1.    CM  "A"  S  4.1.2.10G,  "Grid  Roller  (Towed)".  ■ 

a:.    CM  "A"VS  4.1.2.10D,  "WobM.y  Wheel  Roller  (Towed)". 

* 

n.    CM  "A"  S  4.1.2.11,  "Crawier  Mounted  Crane".        '  '  /469 
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o. 

p- 
q- 

r . 


s. 
t. 
u. 

V, 

V. 
X. 

y« 

z . 
aa. 
ab. 
ac. 
ad. 


CM  "A" 
CM  "A" 
CM  "A" 

CM  MAM 
CM  "A" 


CM  "A" 


CM  "A" 

CM  "A" 
CM  "A" 
CM  "A" 
CM  "A" 
CM  "A" 
CM  "A" 
CM  "A" 
CM  "A" 


S  A. 1.2. 12,  "Truck  Mounted  Crane".' 

S  4.1.2.13,  "Wheeled  Mounted  Crane". 

S  4.1.2.14,  "Air  Compressor,  600  CFM, 
Rotary". 

S  4.1.2.15,  "Master  Clutch  Components". 

"5~4TT727r6,  "Master"  Cluirch 'Brake41.  

S  A. 1.2. 17,  "Transmission  Gear  Arrangement". 

S  4.1.2.18,  "Transmission  Gearshift  Mech.". 

S  4:1. 2. 19a,  b,.c,  d,  e,  f,  "Transmission 
Interlock". 

S  4.1.2.20,  "Steering  Clutch  Components*1^.  ^ 

S  4.1.2.21,  "Steering  Clutch  Brake  Mechanism". 

S  4.1.2.22,  "Steering  Clutch,  Exploded  View". 

S  4.1.2.23,  "Steering  Clutch,  Assembly  Check". 

£  4.1.2.24,  "Final  Drive  Operation". 

S  4.1.2.25,  "Final  Drive  and  Cover  Assembly". 

S  4.i.2.26',  "Track  and  Roller  Frame  Group"- 

S  4.1.2.27,  "Track  and  Roller  Frame  Lock 
and  Pins". 


\ 
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29.5" 


—  *e.  •*  CM^'A"  ~S~4 .1.2.-28*,  -"Track  and-Roller  -Frame  Pine-  - 

and  Links". 

af.  ^CM  MAM  S  4.1.2.29a,  b,    "Track  and  Roller  Frame  Link 
~  and  Pins". 

■ 

ag.  CM  "A"  S  4.1.2.30a,  b,    "Track  Shoes  (Types)". 

—  -ah-. — CM-  '^'  3-4. 1.-2-.  31V  -"Track  Adj  usfcment-s^  


ai."    CM  "A"  S  4^.1.2.32,  "Track  Roller  Lubrication". 

aj.    CM  "A"  S  4.1.2.33,  "Track  Recoil  Mechanism". 

ak.    CM  "A"  S  4.1.2.34,  "Track  Frame  Alignment". 
♦ 

4.  locally  Prepared  Materials: 
£L»    Job  sheets. 

(1)    CM  "A"  JS  4.1.2.1,  "Servicing  the  D4D 
Caterpillar  Tractor". 

5.  Devices: 

a.    Chassis,  Caterpillar  D-2  Power  Train  Assembly, 
Transmission  to  Final  Drive  (Cutaway) 


Training  Aids  Equipment: 
1/  16mm  sound  movie  projector. 

2.  35mm  slide  projector. 

3.  Overhead  projector. 
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OUTLIHI  OF  XHSTRUCTION 

*    *                                             CM  "AM  IG  4..lA 
INSTRUCTOR  ACTIVITY                    STUDENT  'ACTIVITY  \ 

* 

*    I.    Introduction  to  the  lesson. 

A.    Establish  contact* 

^.A.    Introduce  self  and  topic. 

T 

2.    Topic:    Construction  Equipment  fvmx  Trains 

B.    Establish  readiness. 

I.E.    ttotivate  student. 

1%  Purpose. 

* 

1.  Assignment. 

,C.   Establish  effect. 
1.  Velue* 

#e.   Pass  course. 

I,C-    Bring  out  need  and  value 

of  material  being  presented.  4 

• 

b.    Ftr form  better  on  the  job. 

t 

\ 

c.  Get  advanced.  t 

d.  Be  a  better  Construction  Mechanic. 

« 

_ 

IK  <X**r?iev: 

I.D.    State  learning  objectives. 

1*    State, information  and 
materials  tiecessary  to  guide 
student* 

1 

'  3' 
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OUTLINE  OP  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  ,fAft  IG  4.1.2 
STUDENT  ACTIVITY 


'tti — Pr  ea  en  t-africtor 


A.    Types  of  construction  equipment. 
1.    Track  Laying  tractors  (Crawler  Tractors), 
a.    Used  for. 

~-    -    ^j-)    Pioneering  work.   ~  *  "  

(2)  Excavation. 
W  (3)  Backfill. 

(4)  Towing  attachments: 

(a)  Rollers.'  * 

(b)  Disks. 

(c)  Harrows. 

(d)  Water  wagons.  *  jt0tfih 

(e)  Scrapers. 

(5)  Push  dozer. 

-2.    Wheeled  tractors.         .  , 

a.    Used  in  place  of  track  laying  tractor. 
(1)  w Advantages. 

(a)  Speed. 

(b)  Greater  compaction  on  fill  work«l 


II. A. 1.    Show  slide  No.  * 
CM  "A"  S  4.1.2i,  "D-8 
Crawler  Tractor  w/o  Blade." 


II. A. 1.  Observe  and  ask 
questions. 


•477'  ... 
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OUTLINE  OF  INSTRUCTION 

(2)  TypSs. 

(a)  Four-wheel  drive. 

(b)  Two  wheel  drive • 

(3)  Used  for: 


3? 


(a)  Pulling  scrapers . 

(b)  Rollers  . 

(c)  Plows. 

(d)  Lawn  mowers. 

(e)  Drags. 

(f)  Magnetic  sweepers. 
Bulldozers  and  Angle  Dozers. 

a.    Bulldozer  (common  name). 

(1)    Tractor  with  Dozing  blade 
^  attachment. 


\ 


(a)    Blade  is  at  a  right  angle 
■to  tractor  frame. 

^  is.   Can  raise  an<*.  l°wer  • 
2.    Used  for.  . 

a.    Backfill.  * 


INSTRUCTOR  ACTIVITY 


.  CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


iFXf.a.(2V(arShow  slide-  ~  ~  TJ-.A^-.  (*K*>~ 

CM  "A"  S  4.1.2.2,  '"MRS-I-110  .         Observe  and  ask 
Wheeled  Tractor  w/o  Attachments",  questions. 


II.A.2.a.(2)(b)  Sh6w  slide 
CM  "A"  S  4.1.2.3,  "I.H.C. 
i.  Wheeled  Tr.ac'tor  w/o 
Attachments".  


II. A. 3. a.    Show  slide 
CM>MA"  S  A. 1.2.4,  "D-7 
Crawler  Tractor  with  std. 
Dozer  Blade11. 


II.A.2.a.(2)(b). 
Observe  and  ask 
questions. 


j 


II. A% 3. a.  Observe 
and  ask  questions.. 
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OUTLINE  OF  INSTRUCTION 

bj    Land  clearing. 

c>    Ditch' digging. 

'  d.    Building  toad  beds. 

b.    Angle  dozer  (common  name). 

(1)    Tractor  with  dozing  blade 

attachment.  , 

(a)  .Blade  may  be  adjusted  away 
:     .  from  right  angle  tractor 

frame.  * 

(b)  ,  -Blade  can  be  raised  or  lowered 

same  as  bulldozer. 


INSTRUCTOR  ACTIVITY 


II.A.3.b.  Show  slide 
CM  "A"  S  4.1.2.5,  "D-8 
Crawley  Tractor  with  Angle 
Dozer  Blade". 
i 


4bu 
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(c)    Used  fqr:  , 

1.    Same  as ^Bulldozer . 
Front  End  loaders. 

a.  Tractor  with  loading  bucket  or 
i adjustable  forks  attached. 

T 

.   (1)    types.  .  . 

4     (a)  Wheeled. 

✓ 

^(b)    Track  laying  (crawler). 

b.  Used  for: 

(1)    Loading  and  unloading  cargo 
(forks) . 

v(2)  ,  Bulldozing  (4  in"l  bucket)^ 


r   II. A. 4. a.. Show  slide 
-CM  MA"  S  4.1.2.6,  "9*5 
Crawler  Font  Ei\d  Loader'  < 
w/std.  Bucket".  % 
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II.A.3.b.  Observe 
.and  ask  questions. 


II. A. A. a.  Observe 
and  ask  questions. 


'43, 


OUTLINE  OF  INSTRUCTION 


(3)    Scraping  £4,  in  1  bucket). 


(A)    Bucket  loading ♦ 
Scrapers* 

a .    Ty£*s .  ,  V 
(1)  Motorized. 


(a)    Equipped  with  a  high  speed 
-pneumatic  tired  pulling  unit, 

(2)    Tractor  towed.  • 

(a)    Drawn  by  a  traclf  laying 
%  (crawler)  tractor. 

b.    Used  for:  -  ,  , 

>  (1)    Moving  J.arge  voXumns  of  dirt. 

(2)  Construction  of  roads. 

(3)  Construction  of  airfields. 

Motor  graders. 

*  a ♦ •  Types .  ' 

(1),  ^sically  all  the  same.  m 

(a)    Lotfg  bridge,  type  frame 

supporting  engine,  blade, 
two  or  more  driving  wheels, 
various  steering  add  blade 
controls.      .  _ 


)  c 


INSTRUCTOR  ACTIVITY 


.7 


CM  "A"  IG  .A. 1.2 
STUDENT  ACTIVITY 


II.A.5 .a.    Show  slide 


II.A'.S/a.  Observe 
CM  "A"  S  4.1.2.7,  ."MRS-S-llO     and  ask  questions. 
Scraper  with  MRS-I-110 
Tractor". 


h 


II. A. 6. a.  Show  slide  . 
CM  "A".  S  4. 1.2. 8\  "Gallon 
118-T  Motor  Grader" . 
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■  II./. 6. a.  Observe 
and  ask  questions. 
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OUTLIHE  OF  INSTRUCTION 

b.    Used  for: 

(1)    Finished  grading, 
(a)    Air  fields* 
^  Cb)  Roads. 

(c)  Sloping  banks. 

(d)  Ditching. 
7.    Road  Rollers. 

a/.  Types. 
— -       (1)  Motorized. 

(a)  ^Tandem. 


1^   Rollers  filled  with  water 
far  additional  weight. 

2^   Powered  by  a  gasoline 

engine  or  a  diesel  engine. 

.  \  (b)    Used  for: 

* 

1.    Final  surface  compaction 
of  roads,  airports  and 
\        other  smooth  surfaces.  « 

,(2)  Towed. 

(a)  Sheepsfoot. 


y 


TNSTRUCTOR  ACTIVITY ' 
■~i  


\ 


II. A. 7. a.    Show  slide 

CM  "A"  S  4.1.2.9,  "3  Axle 

Road  Roller". 


II. A. 7. a. (2)  Show  slide 
CM  "A"  S  4.1.2.10A,  "Sheeps- 
foot Roller  (Towed)". 
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CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


.II. A. 7. a.  Observe 

and.  ask  questions. 
4 


II. A. 7. a. (2)  Observe 
and  ask  questions. 


48; 


OUTLINE  OF  INSTRUCTION  * 


INSTRUCTOR  ACTIVITY 


1.  Uses  tampers  (feet)  for 
compaction  . 

2.  As  the  surface  becomes 
compacted,- the  tampers  will 
stay  on  top  of  the  surface 
rather  than  sink  into  surface, 

3.  Newer  .models  may  be  self 
propelleji . 

4.  Used  for: 

a.  Compaction  of  Air  fields. 

b.  Compaction  of  roads. 


c,    Compaction  of  building 
sites. 

(b)    Wobbly  wheel. 

*  1^  Wobbly "act ion  of  the  - 
pneumatic  tires  kneads 
the  surface  being 
compacted. 

2±   Used  for:  * 

a.    Roads . 
*       bjL  Airfields. 

c.    Building  sites. 


II.A.7.a.(2)(b)  show  slide 
CM  "A"  S- 4.1,2.1GB,  MWobbly 
Wheel,  Roller  (Towed)"  and 
CM  "A"  S  4.1.2.10D,  "Wobbly 
Wheel  Roller  (Towed)". 


/ 


-  3oz 

CM  "A"  IG-4.1.2 
STUDENT  ACTIVITY 


II.A.7.a.(2)(b)  Obser\ 
and  ask  questions. 


o 
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OUTLINE  OF  INSTRUCTION 


(c)  Grid. 


1.    Uses  its  grid  design 
on  outer  surface  of 
drum  to  break  up  old 
road  material. 


ERiC 


8.    Power  crane  -  shovels.  • 

f  "S 

a.  Often  called  the  most  versatile  piece 
of  construction  equipment  available 
due*  to  the/Sany  attachments. 

b.  Types> 

(1)  Crawler  mounted. 

(2)  Truck  motmtfed.  ' 

(3)  Wheel  mounted, 
'c.  Attachments. 

(1)  Crane. 

(2)  Shovel.  V 

(3)  Drag  line.  ,  . 
(%)  Back  hoe, 

(5)  Clam  shell. 

(6)  Pile  drivers- 
Air  compressors, 
a.  Types. 


INSTRUCTOR  ACTIVITY* 

II;A.7.a.(2)(c)  show  slide 
CM  "A"  S  4.1. IOC,  "Grid 
Roller  (Towed)". 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 

II .A. 7. a. (2) (c)  Observe 
and  ask  questions. 


ll.A^8.b.    Show  slides 
CM  "A"  S  4.1.2.11,  "Crawler 
Mounted  Crane",  CM  "A"  S 
4.1.2.12,  "Truck  Mounted 
Crane",  and  .CM  "A"  S  4,1.2.13, 
"Wheeled  Mounted  Crane". 


II.A.8.b\  Observe 
and  ask  questions* 


■  489 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


STUDENT  ACTIVITY 


(1) 

Reciprocating. 

»                      *  * 

(2) 
(3) 

KO uary . 
Screw* 

II.A.9.a.(2)  Show  slide 
•CM  "A"  S  4.1.2.14,  "Air 
Comptessor,  600  CFM,  Rotary 

lion/! 

USea 

(i) 

for  *  * 

tor  •, 

II.A.*  .b.'Take  class  to 
field  to  show  actual 
equipment.  ^ 

(2) 

** 

Spray,  paint .  - 

* 

(3) 

Operate* pneumatic  tools ♦ 

» 

■    *  V 

(4) 

Clean  equipment. 

/ 

V 

(5) 

Source  of  power  for  drilling 
equipment.  > 

NOTE:    The  remaining  p6rtidnv  of  this 

topic  will  y>ver  only  the  track  . 
laying  (crawler)  tractors.  -* 

*B.    Track  laying  tractors  (crawler). 

1.    Power  flow:  • 

a.    Master  clutch. 
•  *  • 

i 

(1)  Provides  a  means  of  coupling 
and  uncoupling. the  prime 
mover  (engine)  from  the  power 
train. 

(2)  Transmits  power  from  the  prime 
mover  (engine)  to  the  trans- 
mission. 


II.B.l.    Use  sli4e  presen- 
tation set  JEGO-1104  "Track 
Type  Tractors11,  (set  of 
,65  slides)  *  " 


II .A. 9. a. (2)  Observe, 
and  ask  questions. 


II,A.9.b.  Feel  free 
to  ask  questions  on 
the  use  of  any  of  the 
equipment  seen. 


II.B.l."   Observe  t 
slide  presentation  . 
and  ask  questions . t 


49. 
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ERiC 


V 


(3)    Usually  located  in  a  compart- 
ment in  the  front  pQrtion  of 
the  transmission  case. 

(a)    May  be  a  torque  converter • 

•\ 

1.    Servejs  fche  same  function 
is^amaster  clutch  but 
with  the  use  of  hydraulics. 

b.  Transmission. 

(1)  Provides  the  torque  or  speed  N 
advantages  as  required^  by  the 

•  operator. 

(2)  Provides  for  operating  in:  • 
(a)    Foryard/  V 
(bV  Reverse, 
(c)  Neutral. 

(3)  Transmits  power  to  the  pinion  and^  ^ 
bevel  gears. 

(4)  Types. 
(a)    Sliding  gear*. 

i^b)  Automatic. 

•    •  ** 
c.    Pinion  and  bevel  gears..  t<i 

'  ^  o  v 

*  (1)    Changes  direction  of  tprque  90  • 

through  the  bevel  gear  shaft  to 

the  steering  clutches,. 

(16  of  62) 
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INSTRUCTOR  ACTIVITY 

II.BM.a.O)    Basic  torque 
convertor  vd.ll  be  explained 
■later,  f  « 


CM  "A"  IG  4.1.2. 
STUDENT  ACTIVITY 


II.B.l.b.(4)  Basic  automatic 
transmission  will  be  ^cplained 
later.  ' 


-  V 
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CM  "A"  IG  4.1.2 

OUTLINE  OF  IHSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

,  IX)    Provides,  for  an  increase  in  ,  

torque  and  a  decrease  in  speed  y 
(gear  reduction) . 

^  d.    Steering  clutches.  , 

(1)  Allows  power  from  bevel  gear  shaft 
to  be  disengaged  from  either* 
track  for  turning.  • 

•  .      (a)    Eliminates  the  need  for  a 
I  -differential.  \ 

* 

(2)  Provides  a  surface  for  the 
steering  clutch  brake. 

(3)  May  be  hydraulically  assisted  for 
engaged  or  disengaged. 

. (4)    Transmits  torque  to  the  final 

drive*      *  "  ^ 

3.    Final  drive.  '  ' 


(1)  Final  gear  reduction  in  tl\e 
power  train.  • 

(2)  Types. 

(a)    Single  reduction. 
%  (b)    Double  reduction. 

t.    Prive  sprocket. 

(1)  Sprocket  is  splined  to  the    final  495 
drive  gear  (called  bull  gear) . 

(2)  Spropells;  the  tractor  along  the 

tracks. 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


ERIC 


g.  .  Track  roller  frame  assembly. 
r  (1)    Provides  mounting  area  for: 
^      (a)    Track  rollers. 

r 

(b)    Track  carrier  rollers. 
~*         (c)    Front  idlers. 

(d)  Recoil  spring. 

(e)  Equalizer  spring. 

(f)  Equalizer  bar. 

(2)    Supports  the  weight  of  the  tractor 
on  the  tracks.  $ 

h.  Tracks. 

i 

(1)    Distributes  the  weight  of  the 
tractor  over  a  largS  area. 

Power  train  components. 
1.    Master  clutch, 
a.  Nomenclature. 

(1)    Clutch  shaft. 

(a)  All  components  are  mounted 

on  or  around  the  clutch  shaft. 

(b)  Transfers  torque^through  the 
•  *  clutch  assembly  to  universal 

joint.  , 


Il.C.l.a.  Show  elide 

CM  "A"    S  4.1.2.15  "Master 

Clutch  Components11. 
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CM  "A"  IG  4U.2 
STUDENT  ACTIVITY 


Il.C.l.a.  Observe 
slide    and  ask  g 
questions  on  points 
not  clear  and  take 
notes. 


497 
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CM  "A"  IG  4.1.2 

OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(c)    Splined  into  the  clutch  hub. 

(2)  Clutch  hub. 

(a)    Mounted  into  the  pilot 

bearing  and  retained  In  the 
flywheel. 

,  (b)  \  Clutch  hub  can  rotate  independ- 
ently of  the  flywheel. 

(c)    Clutch  disc  assemblies  are 
splined. 

.  * 

1\    Clutch  disc  assemblies  are 
the  driven  members  of  the 
clutch . 

(3)  Pressure  plates. 

(a)  Splined  to  the  flywheel. 

(b)  Driving  member  of  the  clutch. 

(4)  Loading  plate. 

(a)    Slides  on  clutch  shaft. 

,(b)    Pinned  to  the  rear  pressure 
plate  (not  attached). 

(c)  Oil  pump  drive  gear  bolted  to 

the  loading  plate.  49) 

(5)  Adjusting  ring  and  bracket  assembly, 
(a)    Bolted  to  flywheel. 


v.  * 


1 


\  r  OUTLINE  OF  -INSTRUCTION 


'        '  (b)    Provides  a  mounting  for  the 
cam  link  and  roller  assembly 
(roller).  <  .  . 

(6)    Sliding  collar., 

(a)  Mounted  on  the  loading  plate. 

(b)  Provides  a  mounting  f^r  the 

.  cam  link  and  toller  assembly 
%  (link). 

(c)  Provides  a  mounting  for  the 
Yoke  assembly  which  can  turn 

^"independently*  from  the  collar 
by  the  use  of  a  thrust  washer 
and  busfring. 

b.  ,  Operation  -  master  clutch  (oil  type). 

(1)    Engaged  position. 


/ 


INSTRUCTOR  ACTIVITY 


CM  "A11  IG  '4.1.2 
STUDENT  ACTIVITY 


(a)    The  over-center  action  of  the 
cam  link  and  roller  assembly  . 
against  the  loading  plate 
holds  the  pressure  plates  and 
driven  cfisc  assemblies  together, 
allowing  the  flywheel,  pressure 
plates,  driven ,fdi^c  assemblife^ 
and*  clutch  shaft  to  rotate  jas  \ 
a  unit. 


,(2)    Disengaged  position. 
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OUTLINE  OF  INSTRUCTION 


(a) 


The  yoke  assembly  moves 
the  sliding  cpllar  assembly 
away  from  the  clutch  loading 
plate;  releasing  the  over 
center  action  of  the  cam  link 
and  roller  assembly.  With 
the  over  center  action  re- 
leased, the  pressure  plates 
rotate  Independent  bf  the 
driven  disc  assemblies  and 
the  clutch  shaft  can  not 
transmit  torque  from  the 
flywheel  to  the  tramsmission 
input  shaft. 


INSTRUCTOR  ACTIVITY 

II.C.l.b.(2)(a)    Show  slide 
presentation  JEOO-1602 
"Clutches,  Part  1", 
Caterpillar  Tractor  Co.  (set 
of  63  slides). 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 

II.C.l.b.(2).(a)  Observe 
slide  presentation  and 
aak  questions  on 
items  not  clear. 


c.    Clutch  brake.  r 

(1)  Purpose: 

(a)    To  aid  in  shifting  gears  by 
stopping  clutch  shaft. 

(2)  Types. 

(a)  Disc;  used  on  older  equipment. 

(b)  External  shoe;  used  on  new 
equipment . 

d.  Maintenance. 

(1)  Clutch  release  bearing  and  pilot 
*  bearing • 

(a)    Replace  if  faulty. 

(2)  Driven  disc. 


II. C. I.e.    Show  slide 

CM  "A"  S  A.l^.iey'Master 

Clutch  Brake".  * 


5(J3  < 


50 


(21  of  62) 


3  if- 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  4.1.2 
*  STUDENT  ACTIVITY 


9 

ERLC 


5U4 


(a) 


(b) 


Dry  type;  replace  if  wapped. 
Rellgn  or  replace  if  worn  or  m 
oil  soaked. 

Oil  type;  ^replace  if  warped 
or  dished  in  excetss  of  0.015". 
worn  in  excess  of  0.025"  from 
new  thickness,  sintered  \ 
lininfe  material  is  chipped  in 
excess  of  one  full  land  width,  A 
cracks  are  visible  at  root  of  „ 
teeth,  teeth  have  abnorjtel 
wear,  disc  has  foreign  mater-  . 
lal  embeded  in  the  disc  lining 
material  flaked  away  in  any  area 
larger  thkn  a  quarter. 


(3)  Engaging  median  Jam. 

(a) •  Worn  or  broken  parts  may  be 
repaired  or  replaced  as  # 
necessary. 

'   .    '  *  -  V 

(4)  Driving  plates. 


f  \ 


(a)  Dry  type:  worn  or  broken 
parts  or  weak  retracting 
springs  loay  be  repaired  or 
replaced  as  necessary. 

(b)  Oil  type:  Replace  if  worn  in 
excess  of  0.020"  from  new 

/Tfci^kness,  plate  has  radical 
/  grooVes  or  cracks  across  the 
wear  face,  warped  or  dishecf 
in  excess  of  0.015"  plate 
has  the  wear  face  burned  to 
a  blue-black  appearance  (this 
requires  replacement  of 
mating  -disc)  • 
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II.C.l.d.(A)  Oral  questions: 

a.    On  the, spring  engaged 
clutch r  how  many  driving 
surfaces  are  provided  by  the 
flywheel? 


50o 
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OUTLINE  OF  INSTRUCTION 


X5)    Drive  links. 

(a)  Always  replace  if  worn  or 
broken* 

(b)  Good  practice  to  replace 
anytime/Clutch  is  out  if 
they  Kaven't  beert  replaced 

#s  *  recently. 


INSTRUCTOR  ACTIVITY 

Il)cll*d^(5)  Oral  questions.  ____ 
a.    By  what. means  or 
\    method  is  clutch  free  travel 
obtained? 
k    b.    The  master  clutch  of  the 
D4D  tias  how  many  driven  discs? 

,  c.    The  clutch  Brake  serves 
what  function? 


312  S 

CM  "A"  IG  4—, 2 
STUDENT  ACTIVITY 


e.  Adjust. 

CAUTION M  NEVEH-ADJUST-WITH  ENGINE  RUNNING! ! ! 

-   (1)    Loosen  lock(s)  and  disengage  the 
clutch . 

(2)    Turn  the  adjusting  collar  or  ring 
clockwise  (from  rear;  of  machine)1  ||- 
. to  tighten  the  clutch. 

t  (a)    Turn  only  slightly  and. test 
by  engaging  the  clutch. 

l.t  Properly  adjusted  when  a 
spring  scale  placed  at 
bottom  of  handle  grip 
registers  pounds  of  pull, 
recqmmended  by  manufactu- 
rer's to  snap  clutch  over- 
k  center. 

a.    Dry  type  -  engine  stopped 
clutch  at  operating 
'  i    ,  - ,   i    .   .  temperature.,  # 

b^  Oil  type  -  engine 

stopped ,  clutch  Icold .  •  * 

* 
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INSTRUCTOR  ACTIVITY 


CAUTION! !  NEVER  START  ENGINE  UNTIL  THE 
ADJUSTING  MECHANISM  IS  LOCKED 
SECURELY 1 ! ! ! 

f.  Lubricate-  . 

(1>  Always  refer  to  manufacturer's 
specifications  for  proper  lub- 
rication type  and  interval. 

g.  Trouble  recognition. 

(1)  Clutch  will  not  remain  in  engagement, 

(a)  Check  for  too  tight 
adjustment 8 .  , 

(b)  Cam  mechanism  worn  excessively. 

(2)  Clutch  vibrates  excessively. 
♦ 

(a)    Check  run  out  of  plates  and 
discs. 
> 

(by    Improperly  balanced  on  install-  f 
.  r  .        ation,.  * 

h.  Inspect. 


CM  "A"  IG  4,1.2 
STUDENT  ACTIVITY 


r 


o 

ERIC 


(1)    Inspect  all  parts  for  excess. 

wear,-  warpage,  breaks  and  cracks. 

2.    Torque  converter, 
a.  Nomenclature: 

•r 

(1)    Impeller  £pump) 

<  '  <     *  >  j  ■ 

~*  — -       ~*XaY*  Driven  1>y  erfgitre  flywheel 


Il.C.l.h.  Introduce  and  show        lI.CM.h.  View  film 
movie  MH-10017,  "It  can  Happen",  and  take' notes. 
(20  min.) . 


3/3 


Review  high  points  of  movie. 


II.C.2.a.  Show  slide  set, 
CT-25  "Torque  Converter11, 
International  Harvester  Co., 
(set  of  56  slides) 1 


Participate  in  instruc- 
tor guided  discussion. 

II.C.2.a.  Observe 
slides  and  ask  questions , 


'•  509 
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TMSTRUCTOR  ACTIVITY 


CM  nAH  IG  4.1.2 
STUDENT  ACTIVITY 


/ 

(2)  ;TurW:ae. 

/ 

(a)  Attached  to  transmission 
input  shaft  or  convertor 
output  shaft. 

(3)  Statbr."  • 

(a)    May  be  mounted  fixed,  between 
-  the  impeller  and  turbine. 

— X&T  H8y  Me  moiratechon  a  one-way 
£ree  wheeling  clutch  between 
th£  impeller  and  turbine. 

b .  Operation. 

(1)    Impeller  turned  by  the  flywheel, 
centrifugal  force  tries  to  throw 
oil  in  the  impeller  in  a  straight 
line;  however,  because  of  the 
curvature  of  the  impeller  vanes 
the  oil  travels  across, to  the 
turbine.    The  force  with  which 
it  strides  the  vanes  of  the 
h  tyrbine  causes  the  turbine  ta 

turn  in  the  same  direction  as 
that  of  the  impeller.  The 
oil  upon  leaving  the  turbine 
-is  moving  in  the  opposite  direction 
of  that  of  the  turbine  and  impeller 
arid  if  permitted  to  strike  the  vanes 
of  the  impeller  would  tend  to  slow 
the  impeller  (engine) .    The  oil  is 
directed  to  the  stator  which  fits 
between  the  "outlet  of  the  turbine 
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and  the  input  of  the  impeller. 
The  fitator  changes  the  direction 
of  the  oil  flow  to  that  of  the 
impeller  and  turbine.    The  torque 
imported  to  the  turbine  is  used  to 
turn  the  transmission  input  shaft. 

3.    Sliding-  gear  ^transmission •  

a.  Nomenclature. 

(1)    Since  this  typfe  of  transmission  * 
was  covered  in  the  preceding 
phase  (Auto  Chassis)  it  will 
not  be  duplicated  in  this  phase. 


4r 


b.  Operation. 

(1)    See  instructor  activity. 


4.    Power  shift  transmissions. 

a.    International  Harvester  series. 

(1)  TD-15,  TD-20  Crawler  tractors 
and  model  175  and  250  loaders 
have  similiar  design  and 
identical  power  flows. 

(2)  Nomenclature. 

(26  of 
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CM  "A"  IG  4.1.2 
INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY  * 


II . C . 3 . a .    Show  slide  set  II . C . 3 . a .  Observe  s lides 

presentation  JE00-1601  ,fDirect  and  ask  questions.  . 
>Drive  Transmission11,  Cater- 
pillar Tractor  Co.  (set  of 
50  slides).    Review  and  point 
out  the  differences  of  this 
transmission  and  the  auto- 
motive transmission. 


II.C.3.b.    Show  slides 
CM  "A"  S    4.1.2.17  "Trans- 
mission Gear  Arrangement", 
CM  "A"  S    4.1.2  18  "Trans- 
mission Gearshift  Mech."  and 
CM  "A"  S    A. 1.2  19a,  b,  c, 
d,  e,  and  f  "Transmission 
Interlock"  to  show  how  5 
forward  and  5  reverse  gear 
speeds  are  obtained. 


lt.C.3.b.  Observe 
slides  and 

ask  questions  of  the' 
instructor  on  items 
not  clear. 

\ 


II.C.4.a.    Show  slide  pres-  II.C.4.a.  Observe 

entation  CT-26  "Power  Shift",  slide  .presentation 

International  Harvester  Co.  and  ask  questions  and 

(set  of  80  slides).  "^e  notes. 
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(a)    Above  equipm^jt  power  shift 
transmissions  have  same 
amount  of  shafts  and  clutches* 

1.  Shaft  assemblies. 

a.  Forward  clutch  shaft. 

b.  Reverse  clutch  shaft. 

c.  Spline  shaft. 

d.  Bevel  pinion  shaft. 

2.  Clutch  assemblies. 

a.  Forward  clutch  shaft  - 
hydraulically  actuated 
for  smooth  shifting. 

b.  Reverse  clutch  shaft  - 
Hydraulically  actuated 
for  smooth  shifting. 


43)  Operation. 


INSTRUCTOR  ACTIVITY 


(a)    These  transmissions  provide  four    II.C.4*a.(3)(a)  Review 
speed  ranges  in  forward  and  slide  presentation, 

reverse.    All  shifts  with  the 
exception  of  the  high-low  range 
are  hydraulically  actuated  and 
all  gears  are  in  constant  mesh 
with  the  exception  of  the  high- 
low  range  sliding  gear. 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


II.C.4.a.(3)(a)  Ask  * 
questions;  take  notes 
on  material  presented 


.1 
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 1^1. 

FRir 


b.    Caterpillar  power  shift,  D-8H  series. 
(1)  Nomenclature. 

(a)  This  transmission  consists 
of  five  sets  of  planetary 
gear  systems. 

1.    Each  system  has  a  hydrau- 
lically  actuated  clutch. 
•  * 

(b)  Three  forward  and  three 
reverse  speeds  are  available. 

1.    Selection  and  direction 
i8  accomplished  by  posit- 
ioning #pool  valves  in  the 
transmission  hydraulic 
controls  within  the 
upper  compartment  of  the 
transmission. 

(2)    Operation.  h  - 

(a)    Power  ;from  the  engine  is 

transmitted  by  the.  flywheel 
to  the  torque  divider 
through' the  torque  divider 
to  the  output  shaft  to  the 
universal  joint  to  the  input 
shaft  of  the  power  shift 
'  transmission.    Then  through 
two  of  the  five  planetary  gears 
*  systems  depending  on  the 

position  of  the  spool  valve 
to  obtain  desired  speed  and 
direction.    The  transmission 


INSTRUCTOR  ACTIVITY 

II.C.4.b.    Use  slide 
presentation  JEOO-1604  . 
"Power  Shift",  Caterpillar 
Tractor  Co.  (set  of. 54 
slides) . 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 

II.C.4.b.  Observe 
slides,  take  notes 
as  required  and  ask 
questions. 


II.C.4.b.(2)  Use  Caterpillar 
meeting  guide  #33  to  trace 
power  flow. 


II.C.4.b.(2)  Ask 
questions  if  required. 


516 
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OUTLINE  OF  INSTRUCTION  *  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

output  shaf t  is  sp lined  to  * 
a  transfer  gear  within  the 
transfer  case.    The  transfer 
gear  drives  the  bevel  pinion 
which  in  turn  drives  the 
bevel  gear,  to  the  steering 
clutches »  to  the  final  drives 
to  the  tracks. 

Repair  procedure. 

(1)    Transmission  housing. 

(a)  Provides  an  oil  reservoir  for 
transmission  and  bevel  gear 
compartment. 

(b)  Machined  to  hold  shaft  and 


bearing  in, proper  alignment.  .  ^ 
%     (c)    Replace  seals  *and  gaskets.  "  > 

(d)    Inspect  for  cracks  and  leaks. 
(2)    Bearings,  types.  ' 

(a)  Ball  bearings. 

1.    Check  for  wear  or  damage.  ^  * 

*■  . 

(b)  Tapered  roller  bearings. 

1.  Check  for  wear  or  damage. 

2.  Preload  when  insta] 


3,    Adjust  to  manufacturer's 
specifications . 
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(c)    Straight  roller  bearings. 

1.    Check  for  wear  or  damage. 
2^-  Install  if  not  damaged. 
*         (3)    Gears  and  shafts. 

(a)    Check  for  wear  and  c\amage. 

.           (b)    Install  gears  properly  ib  p 
 _u  :  obtain  proper  gear  ratlQ.t  


INSTRUCTOR  ACTIVITY 


CM  "A11  IG  4,1, 2 
STUDENT  ACTIVITY 


(c)    Install  correct  spacers. 

(4)  Shifting  mechanism * 

(a)  Check  forks  and  shafts  for 
wear  or  warped  condition. 

(b)  Check  interlock  mechanism 
for  wear  or  damage. 

(5)  Common  failures. 

(a)    Transmission,, jumps  out  of  gear, 

*    JLl   Inoperative  interlock  ' 
mechanism. 

2.  Worn  or  broken  gear  teeth. 
—  ,  v 

3.  '  Sprung  or  broken  shifter 
~  forks. 


\ 
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4 


i    (b)    Worn  or  broken  gears  and 
.  bearings*  _ 

—   lv  -Ltibrtcant  r  low-naln  cause 

of  transmission  failure . 

2.  Foraign  matter,  dirt,  etc. 

3.  Inoperative  clutch  brake. 
(6>   Lubricating  system. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


(a)  Splash  system. 

1.  Rotating  gears  throw  oil 
around  giving  lubrication 
to  gears  and  bearings. 

2.  May  have  an  oil  trough  to 
'  -  catch  and  direct  oil  to 

J  certain  gears  and  bearings. 

(b)  Force  feed. 

x       1^  Pump  provides  volume  of  oil 
dnto  restricted  passages 
creates  pressure. 

2.  Oil  is  directed  to  shaft  and 
gear  bearings . 

3.  Oil  is  directed  .to  spray 
manifold4  for  lubrication 
of  gear  teeth  on  some 
transmissions. 

(7)    Lubricating  systems ,  common  failures. 
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•OUTLINE  OP 

INSTRUCTION                                                          INSTRUCTOR  ACTIVITY 

STUDENT  ACTIVITY 

(a)    Splash  system. 

-  1^   Improper  lubricant. 

4 

2,    Insufficient  lubricant. 
Cb)    Force  feed. 

1.    Improper  lubricant. 

-> 

7      Tnfltif  f  iriant  lubrl^fln*"  t 

3.    Worn  or  damaged  pump. 

» 

C8)    Power  shift  transmissions . 

\ 

(a)    Only  qualified  specialists 

will  repair  these  transmissions. 

r                  *               *  / 

\  * 

5. 

Steering  clutches. 

>  a.    Function,  types,  nomenclature  and 
construction. 

.    •  \ 

>' 

CI)  Function. 

*                                   *  * 

(a)    To  ,flisengage  power  from  either 
track  for  turning. 

t 

• 

y 

(b)    Eliminate  the  need  for  differential 

/ 

gears •  K 

r 

t  • 

/ 

(c)    To  aid  in  operating. 
(2)  Types. 

(a)    Dry  Multiple  disc. 

•  • 

/  ERJC 
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1.    Spring  loaded. 

Mechanically  released, 
(b)    Wet  Multiple  disc . 
1.    Spring-  loaded. 
2^  Hydraulically  released. 
4c)  Mn«t  Bteering  clutches  are 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  4.1.2. 
STUDENT  ACTIVITY 


similar  In  design. 
(3)    Nomenclature  and  construction 

(a)  Hub  (Inner  drum) . 

1^   Hay  be  splined  to  the 
8 teering, clutch  shaft 
or  .bolted  to  the  steering 
clutch  shaft  flange. 

2^   Splines  on  the  outside 
that  engage  the  driving  ? 
•  plates. 

(b)  Driving  plates., 

1.   'internal  teeth. 

'  2^  Mesh  with  the  teeth  on 
the  steering  clutch  hub. 

3^  Usually  are  unlined. 

(c)  Driven  disc. 

1.    External  teeth. 

(33  of  62) 


II.C.5.a.(3)    Show  slides 
CM  "A"  S  4.1.2.20,  "Steering 
Clutch  Components",  and 
CM  "A"  S  4.1.2.22,  "Steering 
Clutch  Exploded  View". 
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2^  Mesh  with  the  internal 
teeth  of  the  steering 
mmmm,        clutch  drum. 

3*    Driven  discs  are  usually 
lined  with  a  bimetallic 
or  molded  type  of  lining 
bounded  to  the  disc* 

(d)  Drum. 

—   -  -    ■    .   ;  '  '  '  '  —  *  «  '  "  1  1  1  1  

1.  Splined  on  the  inside  with 
a  smooth  outside* 

2.  Provides  a  surface  for 
steering  clutch  brake. 

3.  Connected  to  final  drive  *  x 
plnio^  flange. 


(e)  Plates. 


1,  Driving  plate  is  cast  with 
r   the  hub. 

2.  Pressure  plates,  held  in 
drum  by  springs • . 


(f)  Springs. 


1.  One  to  eight  sets  of  springs 
hold  clutch  in  engaged 

position.  ,  52iJ 

2.  Springs  are  further  compressed 

as  plates^are  forced  apart  v  n 

to  disengage  the  clutch. 
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\  '  (g)  Brake. 


INSTRUCTOR  ACTIVITY 
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STUDENT  ACTIVITY 


3M 


If    External,  contracting  band 
design.  ' 

a.    Self  energising. 

2.    Used  to  atop  steering  clutch 
drum  from  turning  after  the 
steering  clutch  has  tieen 
disengaged  for  a  pivot  turn 
6r  to  slow  steering  clutch 
drum  for  a  quicker  change 


of  direction  than  can  be 
made  with  just  the  steering 
clutch  disengaged. 

May  be  used  as  a  parking 
brake • 


3. 


(4)    Steering  clutch  service. 

\  ' 

^         (a)    ^ethod  of  renioval. 


1.  If  clutch  hub  is  splined 
to  bevel  gear  shaft ,  both 
clutches  and  the  bevel 
gear  must  be  removed  as 
an  assembly. 

2.  If  clutch  hub  is  bolted  to 
the  steering  clutch  shaft 
flange,  either  clutch  or 
the  bevel  gear  may  be 
removed  individually. 
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INSTMICTOR  ACTIVITY 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


3.    Brake  may  be  replaced  with- 
out removing  the  clutch 
assembly . 


(b)  Disassembly. 


If  a  clutch  hub  is  splined 
to  bevel  gear* shaft  back 
retaining  nut  off'  ON£Y 
two  or  three  threads  so  that 
it  can  catch  the,  clutch  . — _ 


53^ 


2. 


assembly  as  it  breaks 
loose  from  the  splines. 

.Use  proper  tools  to  compress 
clutch  springs  for  removal 
and  installation  of  spring 
keepers,  otherwise  clutch 
parts  may  be  damage^  or  per- 
sonnel injured. 


(c)    Inspection  and  repair, 


1.    Check  for  worg.  or  scored  „ 
disc,  renew  if  necessary. 

a*    If*  unlined  member  has  been 
warm  enough  to  cause 
blue  spots  or  heat  checks, 
it  should  be  replaced. 

b*    If  unlined  member  is  dished 
or  warped  it  should  be 
replaced. 

c.    If  lined  member  has  cracked 
or  gouged  out  lining  it 
should  be  replaced. 


t 
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If  lined  member  of  a 
dry  type  clutch  is  oil 
soaked  or  has  grease  on 
5it,  it  should  be  replaced. 

If  teeth  or  either  lined 
or  unlined  members  show 
abnormal  wear  or  have 
cracks  at  the  roots  of 
the  teeth,  they  should 
be  replaced . 

f ,    If  lined  or  unlined 
members  are  worn  exces- 
sively, th*y  should  be 
replaced • 

Check  splines  on  hub  and  in  II.C.5.a.(4)(e)2^  Show 
drum  for  burr;  dress  down     slide  CM  "A"  S  A. 1.2. 23, 
if  damaged*  "Steering  Clutch ;  Assembly 

Check". 

a^  . If  burred  or  dented  V 

only  slightly,  dress 
\     down  and  reuse.  If 

damaged  sufficiently 

to  cause  tfiember  to  rfljfg* 

replace.  « 
—  ILLJ  ^ 
Check  splined  shaft  for  < 
burrs  and  foreign  matter. 

If  burred  slightly,  ^ 
dress  down  and  re\*se* 

b^   If  hammered  from-  oper- 
ating while  loose,  535 
-  replace.  . 
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TMfiTRIICTOR  ACTIVITY 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


/ 


4^  Check  springs  for  proper 
tension  or  breakage; 
renew  if  necessary. 

a.    Some  manufacturers 

give  free  length,  some 
give  }ength  for  a  cer- 
tain pressure,  if  no 
specs  are  available, 
compare  with  a  new 
spring • 

5,    Check  release  bearing. 

a.    Replace  if  worn  or 
damaged • 


b.    Insure  bearing  is 

installed  with  thrust 
side"  i#  proper  relation 
,  to  tractor. a 

s 

Check  measurements  of  disc 
in  accordance  with  minu-  f 
facturer's  specifications. 

a^   Some  clutches  checked 
by  measuring  each 
member  individually. 


6. 


7. 


b.  Some  clutches  checked 
for  overall  thickness 
when  assembled. 

Check  the  following  items 
before  replacing  the 
clutch • 
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CM  "A1*  IG  4U.2 
STUDENT  ACTIVITY 


a.  Seals  and  gasltets. 

b.  Check  the  unit  for 
%  proper  assembly. 

(d)  Installation. 

1.  Back  brake  band  support 

'  screw  out  before  instal- 
lation. 

2.  Insure  bevel  gear  is  on 
proper  side  of  bevel*  pinion. 

3.  Insure  back  lash  is  main- 
tained between  bevel  and 
pinion  on  installation., 

(e)  Adjustments* 
1«    Back  lash. 

If  bevel  gear  was  removed, 
back  lash  must  be  re- 
adjusted. 

Steering  clutch  lever  free 

travel  booster  spring, 

clutch  lever  bumper  stop,  etc. 


(f)    Steering  clutch  brakes. 
1^  Types. 

a.    External,  contracting 
band  type. 


II.C.5.a.(4)(f)  Show  slide 
CM  "A"  S  A. 1.2. 21,  "Steering 
^lutch, Brake  Mechanism". 
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b.    Self  -energising . 

c±  May  be  WET  or  DRY  type,. 
Function. 

a.    Used  to  stop  steering 
clutch  drum  from  turning 
after  the  steering  clutch 
|ies  been  disengaged  for 
a  pivot  turn  or  to  slow 
steering  clutch  drum  for 
a  quicker  change  of  direc-< 
tion  than  can  be  Made 
with  just  the  steering 
clutch  disengaged. 

bu    May  be  used  as  a  parking 
brake. 

Maintenance  and  repair. 
a.  Adjust. 

b^  Reline  or  replace. 

1.    If  worn  excessively, 
—  oil  soaked  (dry  type, 
cracked  out  from 
rivet  holes  or  has 
loose  rivets). 

Xi 

Adjustments* 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


32.7 


a_j.  Adjust  linkage  free 
travel. 


XX.C.5.a.(4)(f)4:.  Introduce  II.C.5.a.(4)(f)42. 
and  show  slide  presentation      Observe  slide  presen- 
JEOO-1603,  "Clutches,  Part  2",  tation,  take  notes  and 
Caterpillar  Tractor  Co.  (set     ask  questions, 
of  46  slides). 


bj.  Adjust  brake  band. 
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54i 


0UTL1ME  OF  INSTM1CTIOH 


1.  Compensates  for 
—  formal  lining 


wear. 


542 


INSTRUCTOR-  ACTIVITY 

II.C.5.«.(4)(f)4i  Show 
slide  CM  "A"  S  4.1.2.21, 
"Steering  Clutch, 


CM  "A"  IG  4.1.2 
STUDEMT  ACTIVITY 


2j_  Adjust  brake  bend 

—  support  screw. 

3^  Adjust  to  menu-  . 

—  facturfcr's  spec- 
ifications. 

Properly  adjusted, 

—  it  prevents  unnec- 
essary weer  at  top 

of  band. 


Brake  Mechanism*. 

Introduce  end  show  slide 
presentetion  JEGO-1706, 
"Safety  and  You",  (set 
ofjL9  slides). 

Introduce  and  show  movie 
MN8146,  "The  Gamblers", 
Caterpillar  Tractor  Co. 
(Color,  20  min.). 

Review  high  points  of  movie. 


Issue  Job  Sheet  CM  "A"  JS 
4.1.2.1,  "Servicing  the^ 
D4D  Ceterpiller  Trector  . 

Teke  cless  to  shop. 

Introduce  students  to  shop 
and  issue  tool  chest>eysi 

Direct,  supervise  and  eval- 
uate student  performance 
in  the  removel,  disassembly, 
inspection,  assembly,  in- 
stallation and  adjustment 
of  the  msster  clutch,  the 
trensmission  snd  the  steer- 
ing clutches. 
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Observe  tilde  pres- 
entation 9  take  notes 
and  ask  questions. 


View  movie  and 
take  notes. 


Participate  In 
Instructor  guided 
discussion. 


Inventory  tool  chest. 

Remove ,  disassemble, 
Inspect,  assemble,' 
Install  and  adjust  tt 
master  clutch,  trans* 
mission  and  the  steei 
clutches  In  accordant 
with  manufacturer1 a 
specifications  as 
specified  In  Job  ahe< 
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prong  ot  ubtmciiom 

w«R<    Tim  tlml  dtiv.  .nd  «Jtock«t  U  tb.  lMt  gear 
Inaction  In  the  powl UMrtrnt  Mil  «M<* 

6.    Final  drive  and  sprocket. 


Functions  of  the  final  drive. 


IHSTBUCTOB.  ACTIVITY 


II. C. 6".   Uae  cutaway  D-2 
Caterpillar  to  show  and 
explain  final  drive  com- 
ponents . 

II.C.6.a.    Show  slide 

CM  "A"  S   4.1.2.24  "Final 

Drive  Operation". 

Introduce  and  ahow  slide 
presentation  JEOO-1606, 
"Final  Drives,  Psrt  1", 
Csterpiller  Tractor  Co. 
(set  of  43  slides). 


CM  "A"  IG  4.1.2 
STUDEHT  ACTIVITY 


II.C.6.  Observe 
instructor  discussion 
and  take  notes. 


Mi 


Observe  and  take  notes 


(1)  Increeaes  torque. 

(2)  ^Transmits  power  from  the  steering 

clutches  to  the  treck  vis  the 
sprocket . 

b.  Types  of  gesrs.  , 

(1)  Spur  gesrs. 

(2)  Single  or  double  reduction. 

c.  Construction. 
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.  » 


OUTLINE  OF  INSTRUCTION 

(1)  Pinion. 


♦-If 


( 


TMSTMfGTOR  ACTIVITY 


CM  MM  IG  -.1.2 
STUDENT  ACTIVITY 


3: 


(a)  Secured  to  the  final 
drive  pinion  shaft . 

(b)  Drivea  the  wain  gear  or 
bull  gear. 

(2)  Main  geer  (bull  geer) . 

(a)  Mounted  on  aprocket  shaft 
(dead  axle)  utiliiing 
tapered  roller  bearings.  * 

(b)  Sprocket  is  attached  to  the 
hub  of  phe  main' gear. 

(3)  Sprockets 

(a)    Propels  the  tractor  along  the 
tracks*  "V 

(4)  Dead  axle  (Sprocket  ahtfftr'Cater- 
pillar)  (pivot  shaft  IHC). 

(a)  Is  usually  pressed  into 
tractor  housing. 

(b)  Very  seldom  necessary  to  remove. 

(5)  Bearings.  * 

(a)    Tapered  roller  bearings. - 

1^   Requiring  a  prescribed  - 
adjustment. 
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II.C.6.c.(2)    Show  slide 
CM  "A"    S  4.1.2.25  "Final 
Drive  end  Cover  Assembly". 
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/ 


OUTLINE  OF  IMSTBtfCTIOM 


C6) 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG»  4.1.2 
STUDENT  ACTIVITY 


Seals. 

(a)    Earlier  tractors. 

1^  Bellows  type  (Caterpiller) . 
2.    Metal  seal  ring  (IHC) . 
•d.    Repair  and  adjustment  procedures  for:' 
(1)    Final  drive  pinion. 

(a)    Removed  with  filial  drive 
pinion  flange  and  shaft 
(OLDER  D-4) • 

J$)    Removed  with  pinion  shaft 
'*        and  (Age  assembly  after 

pulling,  flange  from  pinion 
"    .  shaft  (tJjgER 

(c)  Inspect  gear  for  worn  or 
chipped  teeth 'and  replace 
if  necessary ♦ 

it 

(d)  Inspect  seals . 

(e)  ?No* adjustment  provided: 
(2)    Main  gef  r  (bull  gear) . 

(a)    Removed  from  dead  sxle  with 
,      hub  attached ♦ 

7  (b)    Inspect  inner  tapered  roller 

;     \  bearing  and  hub  and  bull  gear 

,  repair  or  replace  if  necessary. 


II.C.6.d.    Oral  questions, 

1,  Explain  function  of 
final  drive. 

2,  What  type  gears  are 
use'd  in  final  drive? 

*3.  What  is  meant  by  "Single 
or  double  reduction"? 

4,    Describe  power  flow 
from  final  drive  pinion  to 
sprocket. 
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OUTLINE  OF  .INSTRUCTION 

(3)  Sprocket 


(a)  Caution t!  Insure  nut  is 
replaced  on  bull  gear  fcub 
before  pulling  sprocket  1 
with  caterpillar  s-ervice 
press . 

1.    Leave  1/4  inch  between 
"7"   nut  and  sprocket. 

(b)  Inspect  sprocket  for  cracks 
and4 burrs  on  splines. 

(4)  Bearings. 

(a)  Preload  main,  gear  bearings 
according  to  manufacturer's 
manual.  ^ 

(b)  Inspect  and  Repair  as  needed, 

,(5)  Seals. 

(a)    Earlier  tractors.  < 


INSTRUCTOR  ACTIVITY 

II.C.6.d.(3)    Introduce  and 
show  slide  presentation 
JEGO-1106,  "Sprocket  Removal  , 
and  Installation,  ^Caterpillar 
Tractor  Co.  (set  of  50  slides) 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 

II.C,6.d.(3)  Observe 
and  take^notes. 


J 

jU    Replace  if  bellows,,  (Cate^ 
■pillar)  diaphragm  (IHC) 
is  defective. 

\ 

a.    -Good  practice  to  replace 
each  time  final  drives 
are  disassembled  if  they 
haven* t  been  replaced 
recently. 
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OUTLINE  OP  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


b.    Cork  or  leather  seals  and 
gaskets  may  be  replaced 
if  bellows - (diaphragm) 
is  reusable. 


33S" 


(b).  Later  tractors. 


1,  .Replace  if  mating  faces 
of  either  metal  ring 
hasn't  got  a  mirror  finish. 
DO  NOT  mix  sets  of  seal 
rings,  they  are  mated  at 
factory. 

2^  Replace  i£  mating  face  of 
L  meta?.  rinjjs  is  contacting 
:on  "50%  or  more  of  surf aci 
from  O.D.  to  I.D. 


II.C.6.d.(5)Cb)2^  Direct, 
supervise  and  evaluate 
student  performance  *in:*he 
removal  inspection,  instal- 
lation and  adjustment  of 
sprocket  and  final  gear  hub 
assembly. 


II.C,6.d;(5)(b)2^ 
Remove-,  inspect,  in- 
stall and  adjust  sproc- 
ket and  final  drive 
gear  hub  assembly  in 
accordance  with 
manufacturer's  spec- 
ifications as  specified 
in  the  Job  sheet." 


NOTE:    Bevel  gears  and  pinions  in  crawler  tractors  are 
much  larger  than  those  in  automotive  equipment,  but; 
require  the  saiwj  precision  adjustments  and  care.  You 
have  studied  the  adjustments  for  bevel  gelrs  and 
pinions  in  automotive  power  trains  the  same  adjust- 
ments are  required  in  crawler  tractors  power  trains, 
but  new  methods  and  different  procedures  for  deter7 
mining  and  making  the  adjustments  will  be  covered  here. 

7.    I}evel  gear  and  pinion  service. 


a. 


Function  .of  bevel  gear  and  pinion, 


(1)    Change  direction  of  torque. 
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II.C.7.a.  Follow 
instructor  lecture  and 
take  notes. 


553 


mm. THE  OF  INSTRUCTION 


TMSTRIJCTOR  ACTIVITY 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


(2)    Increase  torque  and  decrease 
speed • 

b.    Types  most  commonly  used  on  crawler 
tractors. 


(1)'   Spur  bevel. 

(a)  Noisy. 

(b)  More  apt  to  damage  a  tooth 
or  teeth. 


554 


/ 

(2)    Spiral  bevel. 

(a)  Quieter. 

(b)  ,  More  than  one  tooth  in  contact . 
Repair  procedure. 

(1)  Che6k  carrier  runout.  ' 

(a)    Check  bevel  gear  runout  (wobble) , 

(2)  .Replacement  of  bevel  gear  and  pinion. 


(a)    Replace  if 'teeth 

excessively  or  broken  or  if 
bevel  gear  runout  is  excessive. 

!U    If  matched  sett  replace  as 
a  unit. 

a^  Otherwise,  replace 
•~  individually. 
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OUTLINE  OF  INSTRUCTIOH 


INSTRUCTOR  ACTIVITY 


CM  "A'*  IO-4.1.2 
STUDENT  ACTIVITY 


321 


J 


Replace  bearings  as 
necessary • 


(3)    Replace  seals. 

(a)  Anytime  oil  leaks  are  excessive. 

(b)  Good  practice;  to  replace  all 
seals  each  time  bevel  gear  * 
compartment  is  opened, 

d.  Adjustments. 

(1)  Bearing  preload  (adjusted  by  spanner 
nut  or  shims) • 

(a)    Tighten  bevel  gear  bettings  down 
to  manufacturer's  specifications 
and  back  off  (if  required)  as 
manufacturer  requires. 

1.    Insure  back  lash  is  main-, 
*  tained  between  pinion  an<i 
bevel  geat. 

(2)  Pinion  depth  (adjusted  by  shims) . 

(a)    Use  gage  if  available  or  get 
he£l  to  he^JUM^gnment  between 
pinion  atfdbeyel  gear. 

,  1^   Thil  is  a  starting  jpoint^ 
\  only . 

(3)  Back  lash  (adjusted  by  spanner 
nut  or  shims) .  * 
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OUTLINE  OP  INSTRUCTION 


CM  "A"  IG  1.2" 

INSTRUCTORACTI^  STUDE^CTI^ 


:  (a)    Adjusted  at  point  of  tightest 

*  '  ,  contact  on  most  equipment. 

'       (b)    Move  bevel  gear  closer  to  or 
away  from-^pinio?  ;8ear  until 
back  lash  Is  within  manufact- 
J  urer's  specifications.. 

1.  Spanner  nuts  -  loosen  nut 
^   on  side  of  bevel  gear  oust 

move  to,  being  sure  to 
note  amount  loosened  then 
_       tighten  other  spanner  nut 
same  amount  (to  maintain 
bearing  preload) . 

2 .  Shims  -  remove  a  few  shims 
from  side  of  bevel  gear 
must  move  to.  Then  install 
these  shimson  other  side 

ej '  of  bevel  gear  (to  maintain 

y       ,  ;  bearing  preload).  \ 

?■  .  ,.  ". 

(&)    Tooth  contact  pattern. 

m  —  (»)    Smear  Prussian  blue  on  teeth  of 

'     bevel  gear  and  walk  pinion 
gear  thru  the  Prussian  blue. 

'  Prussian  blue  will  be  wiped 

away  at  point  of  contact. 

Compare  contact  pattern  with 
manufacturer's  desired  pattern 
and  adjust  pinion  depth  as 
necessary. 
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OUTLDTC  OF  INSTRUCTION 


^  INSTRUCTOR  ACTIVITY 

1.    l/piniDi>  depth  is  changed    II.C.7.d.  (4)  (b)l^  Take  ; 

be  sure  to  readjust  back',      class  to  shop.  * 

la$h.  t  .  , 

Direct,  supervise  a&d  evai- 

!  uatre  student  performance 

\  in  the  installation  and 

adjustment  of  bevel  gear  and 

•        steering  clutch  assembly • 


CM  "A"  IG  4.1. £ 
STUDENT  ACTIVITY 


Install  and  adjust 
bevel  gear  and  steering 
clutch  assembly  in 
'accordance  with  manu- 
facturer's specifications m 
as  specified  in  the 
job  sheet.  ^ 


8.    Track  roller  frame  assembly. 

NOTE*  .We  will  remove,  inspect  and* replace  the 
track  roller  f rime  asdem)t>ly  which\  is  the 
Urgest  component  of  the  crawler  tractor 
power  train.    Most  of  the  work  that  is  per- 
filmed  on  the  crawler  tractbr  is  performed 
on  this  component. 

a.    Nomenclature  and  functions  of  parts. 
<1)    Track'  assembly  .  . 

(a)    Link  or  rail  assembly. 


(2) 


Links, 
(a) 


(b) 


Bach  link  overlaps' 
preceeding  link. 

Links  couhterbored  to 
accomodate  end  of  bushing. 


II. C. 8.    Show    slide  s 
CM  "A"  S    4.1.2.26  "Track 
an4  Roller  Frame  Group". 

~ ...  •  . 

-.     -     -  .-v 


II.C.8.a.    Using  cutaway  chaa-  II.C.8.a.  Follow 
sis  of  caterpillar  D-2  roller    instructor  discussion 
frame  assembly  explain  mMb«     and'  take  notes/ 
ing  of  technical  words  and 
phrases- basic  components  and 
»  mechanical  principles.      \  ,  \ 

II .C. 8. a. (2)    Show  slides 
CM  "A"  S    4.1.2.27    "Track  and 
Roller  Frame  Lock  and  Pins", 
CM  "A"  S    4.1.2.28  . "Track  and  , 
Roller  Frame  Pins  and  Links", 
and  CM  "A"  S    4.1.2.29a,  b,  "Track 
,and  Roller  Frame  Link  and  Pins". 
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'  CM  "A"  IG  4.1.2  Ty 

TM«i«niIirTOR  ACTIVITY                      STUDENT  ACTIVITY 
OUTLINE  OF  INSTRUCTION  .  INSTRUCTOR  ACTlVlli  ^   

   v  *f    •     .«-  • 

(3)  flnar-  -        '-  -  -        -  ~    -    -  •  «.     '  ~"   

» 

/  •  (a)    Master  pin  for  separating 

'track. 

1.    Can  be  identified  by  a 
>,  different  machined  shape 

on  the  end  of  later 
tractors  or  plugs  in  the 
  on  earlier  trrac  to  rs.  -   

(b)    Standard  pin 4 for  connecting 
the  links. 

(4)  Bushings.  . 

(a)    Maater  bushing  for  separating  '  ^ 

track. '  ,  ' 


56^ 


1.  Sharter. 

a.    Requires  collars  to  fit  ' 

counterbore  of  master  ^ 
link,  *  m  * 

Standard  bushing  provides  a 
reaction  member  for  the  sprocket 
teeth  to  catch,  and  propel  the 

tractor  along  the  track.  v 
(S)  Seals. 

(a)    Two  dish  shaped  washers  are  foiliv^^-^      ^  r 

at  each  end  of  the  bushings  ih       .  Jo  j 

the  link  counterbores  on  late 
model  tractors  (Caterpillar). 
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OUTLINE  OF  INSTRUCTION'  _ 

~  '  ~      (6)"  Track  shoesfi 


-v        -  **   v  *  *  


.   (a)    Distribute  weight  of  tractor 
over  large  area  of  ground • 

(b)    Grousers  for  better  traction. 

j.    Ice  grousers. 

2.  Dirt  grousers. 

3.  Street  plates.  • 

4 

4.  Flat  shoes. 

5.  Rubber  shoes. 

(7)    Track  roller  frame  assembly  and 
components. 

(a)    Track  roller  frame. 

1.    Provides  a  mounting  for: 


INSTRUCTOR  ACTIVITY 

_II.C.8.a.(6)_Shov  slides 
CM  "A,rS  "4.1  ."2.30a,  b,,  "Traclr 
Shoes  (Types)".  ^ 


CM  "A"  IG  4: 1.2 
STUDENT  ACTIVITY 


II.C.8.a.(7)  Using  Caterpillar  II.C.8.a.(7)  Observe 
D4D  crawler  tractors  in  shop,    instructor  guided 
point  out  and  explain  wear  and  discussion  and  take 
maintenance  points.  notes. 


\ 


a^   Track  carrier  rollers, 

b.  Front  idlers.  £ 

c,  Track ^rollers. 
cL  ,  Recoil  springs,. 

e.    Equalizer  springs. 
f  /  Diagonal  brace. 


5  b' 
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OUTLIKE  OF  INSTRUCTION 

a 


3^2. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


2.  Carries  weight  of  tractor 

*  •  ♦  jto  rollers..   ^    .  .  .      „  _ 

3.  Pivots  to  allow  each  track 
to  move  up  or  down  inde- 
pendent of  the  other. 

4.  Track  carrier  rollers. 

aT    Supports  weight  of 

track  between  sprocket 
and  front  idlers. 

5^    Front  idler. 

a..   Guides  track  into 
position  in  front  of 
track  rollers. 

6.  Track  roller. 

a.  Distributes  tracfor 
weight  along  length 
of  tracks. 

b.  Guide  the  track 

7.  Recoil  springs. 

a.    Recoils  to  avoid 

overstressing  the  track. 

bv   Normally  spring  tension 
is  not  exetted  on  tracks. 


> 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  4.1.2 
STUDENT „ ACTIVITY. 


8.    Equalizer  springs  or 

tlrack  roller  frame  support. 

a.  Supports  front  of  tractor. 

b.  Transfers  weight  to 
track  roller  frame. 

c.  Pivots  as  tracks  move  up- 
or  dowQ  (equilizer 
spring  only) . 

9^  Auxiliary  spring  "CAT"  only. 

a.    Forms  saddle  for 
equalizer  spring. 

Permits  equalizer  spring 
ta  pivot. 

10.    Diagonal  brace. 

a.    Keeps  track  roller 
frame  in  alignment. 

b,    Maintenance  and  adjustment,  track  assembly. 

(1)    Track  rfemoval. 

(a)    Loosen  tra'ck  adjustment. 


(b)  position  master  pin  at  center 
of  front  idler.  ^ 

(c)  Place  12"  block  at  grouser  of 
shoe  below  master  pin. 
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II.C.8.b.    Introduce  and  II.C.8.b.  Observe 

show  movie  76-S,  "Short  Cut",    and  take  notes. 
Caterpillar  Tractor  Co. 
(Color,  20  min.).  ' 

Discuss  high  points. 
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MlTMHE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


3 


D  i  0 


(d)  Drive  tractor  forward  to 
bring  alL  slack  to  top  of • 
track.  * 

(e)  Remove  master  pin* 

(f)  /  Remove  track. 

(2)    Turning  pins  and  bushings. 

(a)  Press  out  pin's  and  bushings. 

(b)  Install  pins  and  bushings,  turn- 
ing 180°  if  wear  is  determined 
/to  be  excessive  by  shop  super-  , 

t  visor. 

» 

(3;    Replacing  damaged  link  not  adjacent 
to  master  link. 

(a)  Remove  shoe  from  broken  link. 

(b)  Press  pins  out  of  both  ends  of 
the  broken  link. 

(c)  Cut  the  broken  link  in  two. 

(d)  .Cut  a  5/8  inch  secti6q^ou£  of 
/the  bushing. 

(e)  Remove  pieces  of  link  and 
bushing. 

(f)  Press  two  new  links  on  the 
track.  y 

(g)  Install  a  standard  track^pin 
in  the  two  new  links. 
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CM  "A"  IG  A.1.2L 
STUDENT  ACTIVITY^ 
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3*5" 


OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


s>  i  1  » 


(h) 


Install  a  master  bushing  in 
tfie  two~  new  f  inkff.~ 


(4) 


(5) 


(i)    Install*  collars-in  the  counter- 
bore  of  the  mating  links  and 
press  J.n  either  a  master  or 
standard  pin. 

Adjustments 

(a)    Adjust  to  obtain  11/2  inch 
61earance  between  £rack  and 
carrier  roller  on  earlier 
tradtors ,  and  a  1  inch  to 
1  1/2  irlch  sag  of  trick  be-  ^ 
tween  carrier  roller  and  front 
idler  on  later  tractors.  Be 
sure  to  move  tractor  back- 
ward and  forward  several  , 
times  to  equalize  adjustment 
before  checking  measurement. ' 

Track  roller  frame  assembly, 
removal . 

(a)    Track  carrier  assembly 
(bracket  and  roller). 

1«    May  be  removed  from  the 
trkctor  without  separ- 
ating the  track  by  > 
inserting  a' 4"  x  4M  block 
m         or  3"  to  4n  piece  of  pipe 
*         between,  track /and  sprocket 
at  top  and  move  tractor 
/back  until  track  clears 
roller. 


* 

II.C.8.b.(4)  Show  slide 
CM  "A"  S  A.1.2.31,-irTrack^ 
Adjustments". 


1* 
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,      .  '  ,  ,         CM  "A"  16  2.2 

INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY    .  . 

OUTLINE  OF  INSTRUCTION    . 

(6)  '  Removal "of  front  idler.  < 

(a)    Front  idler.  , 
1. ,  Separate  track. 

2.    Remove  capscrews  securing  #  -  » 

."^  .  idler  arms  to  end  collar 

bearings.  \  ' 
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(7)    Track  rollers,  removal. 

(a)  May  be  removed  from  tractor 
^  without  separating  track 

chain  by, raising  track  frame 
enough  to  allow  roller  to- 
*    .  pass  between  track  frame  and 

chain . 

> 

(b)  Loosen  track  enough  to  allow 
^  roller  to  pass  between  track 

'    frame  and  chain.  ^ 

(c)  Remove  capscrews  securing 
^roller  shaft  to  track  frame. 

(d)  Remove  roller  assembly. 


v. 


3«    Loosen  the  wear  plate 

spring  adjusting  cap-  y 
"*  screws  in  each,  end  of 
collar  bearing. 

4.    Pull  idler  forward  .off  of'  (\\J 
track  roller  frame. 


(e)-  Install  in  reverse  order  ,pf  "       *  5?Q 

disassembly.  ' 
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OUTLINE  OF  INSTRUCTION 

(f)  Lubrication. 

» 

(8) .  Recoil  mechanism. 


57o 


(a)    May  be  removed  without 

separating  track  by  placing 
block  between  rear  of  front 
idler  and  web  of  track  frame. 

(1>)    Loosen  track  adjustment  as  9 

much  as  possible.  *- 

.  •   (c)    Remove  the  outside  front 
idler  arm. 

(d)  Remove  the  recoil  spring 
guides . 

(e)  Remote  recoil  fepring  from 
bracket.  ^ 

NOTE:    If  recoil  spring  bolt  is  broken, 
all  of  spring  tension  will  be  .exerted 
on  track  and  spring  must  be  compressed 
before  track  can  be  separated  and 
r  spring  removed. 

(9)    Equalizer  mechanism,  removal. 

(a)  Remove  nuts  securing  shackle 
bol£s  to  engine  black  on 'models 

J  with  auxiliary  spring.  Remove 

bolts  securing  saddle" to  frame, 
on  models  without  auxiliary 
•  spring.  v 

(b)  Remove  spring  clip  from  one  end 
of  spring: 
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INSTRUCTOR  ACTIVITY 

II.C.8,b.(7)(f)  Show 
slide     CM  "A"  S  4.1.2.32 
'"Track  Roller  Lubrication11. 

II.C.a.b.(8)    Show  slide 
CMV "A"  S    4.1.2.33  "Track 
Recoil  Mechanism11. 


CM  "A11  IG  4.1.2 
STUDENT  ACTIVIj 


CTimjf 
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i              «.  'CM  "A"  IG  1.2 

'    '     •  '  "                     '                                  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

OUTLINE  OF  INSTRUCTION  .   

(c)  Raise  front  pf  tractor  until       _  -J 
bottom  of  oi.l.pan  is  a  little  t  U 

higher  than  top  of  spring.  ..  ' 

(d)  laise- end  of  spring,  that  clip  ^~  • 
;                                   •           .             was' removed  from,  until  it                .  • 

-    clears  the  front  idler,  arm.  ,  (  .  • 

Move  spring  over  top  of  idler  "  «i 

arm  until  other  end  clears 

its  clip.  f  "i  '  ,        y~  ' 

,\  (e)    Remove  spring  from  tractor.     ,  ■ 

t  .  -  • 

(f)    Install  in  reverse  order  of  * 

disassembly-  '  ^ 

'  (10)    Auxiliary,  spring.. 

I  *  * 

.  \  •  (a)    Remove  riuts  from  lH?olts  / 

securing  auxiliary  spring  to  ^  « 

'       /  N  equalizer  spring.'  *  . 


ERIC 


57c5 


(b)    Remove  pins  securing  auxiliary 
" .    spring  to  shackles .       '  ^  •         -  / 

.  •*»•-*(<:)  *  Remove  auxiliary  spring  from 

'  .       tractof>  .        -  * 

(d)„  Auxiliary  spring  may  be  removed 
em  a  unit  with  equalizer  spring. 
/  '  it  c  8  b  (11)  'Maintain  class    II. C. 8.^.(11)  Answer 

(11)    Track  roller  frame,  assembly,  Merest  by  using  oral  *  questions  *8  called 

.removal.  ^  que8tions.  on  by  instructor.   •  , 

1.    What  is  the  purpose  ,  . 

*S"T~  *  of  the'laaster  pin? 

■     \  57d      .  , 

(59  of  62) 


\ 

« 


OUTLINE  OF  IltSTRUCTIOM 


INSTRUCTOR  ACTIVITY  , 

2.  Describe  the  proced- 
ure for  adjusting  tracks* 

3.  Explain  briefly  the 
difference  between  a  master 
pin  and  a  standard  pin* 

Take, class  to  shop* 


3^9 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


(a)  Separate  the  track* 

(b)  Remove  diagonal  brace  bearing 
cap. 

(c)  Remove  capscrews  securing  r 
sprocket  outer  bearing  cage 
support  to  the  track  frame* 

(d)  If  equipped  with  oscillating* 
-  track  frame. 

1.  Remove  the  equalizer 
spring  clip. 

2.  Raise  tear  of  tractor  and 
equalizer  spring  enough 
to  clear  diagonal  brace* 

3.  Roll  track  frame  forward. 


EMC 
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II.G.S.b.dlXd)!^  Direct,  II.C.8.b.  (11)  j(d)3^ 
supervise  and  evaluate  student  Remove  track  chain 


performance  in  removal  of 
track  chain  and  roller  frame 

assembly          inspection  of 

track,-  rollers,  front  idler, 
pin  and  bushings  for  wtar  antf 
damage,  reassembly  of  track 
assemblies,  and  adjustment. 


and  roller 
sembly. 


frame  as- 
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Inspect  track  rollers 
idler  rollers,  front 
idler ,  vkti&^hnd  bush- 
ings,/for  wear  an^ 
damage,  reassemble^nd 
adjuify:  according  to 
manufacturer's  specif:! 
cations  in  the  job  she^t'. 

.J. 


OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 
II.C.S.b.dDCd^CContM) 

Direct,  supervise  and  eval- 
uate student  performance  in 
Aaking  final  adjustments  to 
D4D  crawler  tractor,  con- 
ducting prestart  checks, 
starting  and  operating/  ' 
the  tractor  to  check  accur- 
acy of  adjustments  made  .to 
the  machine . 


CM  "A"  IG  0.1.2' 
STUDENT  ACTIVITY 

II.C.^b-UlKdJl^Cont' 

Make  >t ii\al  adjustment 
to  D4D  crawler  tractor, 
conduct  p restart  checkt, 
'start  and  operate  the  jj 
tractor  to  check  ac- 
curacy of  adjustments 
made  to  the  machine. 
All  performances  to 
be  in  accordance  with 
manufacturer's  spec- 
ifications as  specified 
in  the  job  sbiet. 


(12)    Parallel  alignmenfof  track  frame 
assembly. 

(a)    Accomplished  by  adding  or 
removing  shims  at  front 
idler . 


II.C.8.b.(12)  Show 
slide  CM  "A"  S 

A. 1.2. 36  "Track  Frame 
Alignment". 


III.  Application, 

A.    While  working  as  a  member  of  a  team  the  student 
removed,  disassembled,  inspected,  replaced 
worn  parts,  assembled,  lubricated  and  adjusted 
the  power  train  «f  the  D4D  crawler  tractor. 
All  tasks  were  completed  as  they  were  covered 
in  the  instructor  guide  and  conformed  to 
manufacturer's  specification's  as  specified  in 
job  sheet,  CM  "A"  JS  4.1-2.1.  «• 
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III.A.    Directed,  supervised  III'.A.    While  working  ai 

and  evaluated  student  per-  a  member  of  a  team 

formance  on  service  procedures  removed,  disassembled, 

on  the  Caterpillar  M»  craW  inspected,  replaced 

ler  tractor,  practical  work  worn  parts,  *sse*bled 

was  covered  immediately  after  lubricated  and  adjusted 

information  was  given  in  the  power  train  of  the 

instructor  guide.      ,  ^^TVlT 

tractor.    All  tasks 

were  completed  as  they 

were  covered  in  the 

'  instructor  guide  and 

conformed  to  menufact-  . 

r  .  urer's  specifications 

as  specified  in  the 

job  sheet.        *  >► 
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OUTLIME  OF.  IHSTRUCTIOK 

IV  j  Summary. 

A.  Types  of  construction  equipment, 

B.  Track  laying  tractors  (crawler) 

C.  Power  train  components. 


TNSTRIICTOR  ACTIVITY 


IV. C.    Time  permitting, 
show  movies  ROL-002  "Roll 
of.  Drums",  Caterpillar 
Tractor  Co.  (Color,  20 
n4n.),  and  9051,  "Boss 
of  the  Bulldozers", 
Caterpillar  Tractor  Co. 
(Color,  20  min.) . 


CM  "A"  IG  4.1.2 
STUDENT  ACTIVITY 


V.  Test:  None. 

VI.  Assignment. 
A .    Re^d : 


1.    Operators  rfanual  TD20,  Crawler,  Form 
0M-TD20BrIHC,  pp.  35  -  39. 


VI  .A.  'Pass  out  tex^  TD20, 
Crawler  Tractor,  Form] 
0M-TD20B,IHC. 


VI. A. 1.  Write  assignment 
on  chalkboard. 


VI .A.  Read  assignment 
as  directed  by  instruc- 
tor. 


+ 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
y  PORT  HUENEME,  CALIFORNIA  93043 

CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  .COURSE  A-61O-0022 


'    Classification:  Unclassified 

Topic:    Adjustment  of  International  Model  260  - 
v_  Power  Control  Unit 

Average  Time:     2  Periods  (Class),  2  Periods  (Pract) 

I 

Instructional  Materials: 

A.-   Text6:  <•  * 

1      Service  Training  Outline,  Power  Control  Units, 
Models  260,  270  and  280,  Melrose  Tech,  Course 
TE-4*.  IHC,  Construction  Equipment  Division, 
401  North  Michigan  Avenue,  Chicago,  Illinois 
•    60611,  PP-  1-10  and  53-64. 

2-     Service  Manual  International  Power  Control 
"    Units,  Form  ISS-1S13,  International  Harvester 
Co.,  401  North  Michigan  Avenue,  Chicago, 
Illinois  60611,  Sec.  2,  pp.  1  -  12., 

3.    Operator's  Manual,  TD20  Series  J  Crawler  . 
Tractor  and  Tractor  Equipment,  Form  OM-TD20B, 
international  Harvester  Co. , .401  North  Michigan 
Avenue,  Chicago,  Illinois,  Se^  9,  pp.  25  -  28. 

B.  References^    None.      "  „  . 

C.  Tools,  Equipment  and  Materials:1 
1.  Tools: 


Terminal  Objective:    Upon  completion  of  this 
unit  each  student  will  be  able  to  service  the  . 
power  train  and  chassis  units  of  the  Caterpillar 
D4D  Crawler  Tractor.    Using  appropriate  hand- 
tools,  specitli  tools,"  shop  equipment  and  Oxy-, 
Mapp  gas  outfit,  he  will  remove,  disassemble,  t 
insoect  and  replace  worn  parts,  assemble  and, 
adjust  the  master  clutch,  transmission,  steering^ 
clutches,'  final  drive /sprocket  assembly,  bevel 
gear  assembly,  and  track  roller  frame  assembly.  , 
All  tasks  will  meet  manufacturer 'a. specif icat ions 
-without  deviation  as  specified  in  Job  Sheets  , 
CM  "A"  JS  4VS-.1.1,  "Oxy-Mapp  Gas  Heating  artd 
Cutting"  and  CM  "A"  IS  4.1.1.2,  "Servicing  the  D4D 
Caterpillar  Crawler  Tractor  Power  Train  . 
Adjust  the  International  260  Cable  Control 
Unit  using  appropriate  handtools  and  shop 
equipment T*  All  adjustments  wiU  conform  without 
deflation. to  manufacturers  specifications  as     .  , 
specified  in  the  Job  Sheet  CM   A    JS  J^-J*1** 
"Adjusting  International  Model  260  Cable  Control 

Units','.  •  >  '  '  / 

Enabling.  Objectives:    Upon  completion  of  -this  . 
topic  each  student  will  be  able  to  adjust  .the  ..  ; 
International  Model  260  Power  -Control  "nit  < 
using  appropriate  handtools  and  shop  equipment.  • 

'  All  adjustments  will  conform  to-  mJnuf acCurer's, 
specifications  without  deviation  as  specified 
in  Job  Sheet  4.1.3.1,  "Adjusting >the  International 

1  Model  260  Power  Control  Unit". 
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a.  Heavy  equipment  handtools. 

b.  Heavy  equipment  shop  tools  and  equipment. 


.  2 .  Etyuipment^: 
a.  Major. 


7 


CM  "AM  IG  4.1.3 
v 

\ 

Criterion  Test:    Adjust  the  International  Model  ■ 
260  Ppw$r  Control  Unit  to  conform  to  manufacturer's 
specifications  without  deviation  as  specified  i£ 
Job  Sheet .  «  * 


Homework:  Study: 


4& 


(1)    International  Model  260  Power  Control 
Units  (4  each) . 


3.  Materials:* 

a.  Cleaning  solvent. 

4 

b.  *  Wiping  rags. 

c.  ,  Gear  oil*. 
Training  Aids  apd  Devices: 
i.  Filirs. 


1.  Service  Manual  International  Power  Control 
Units  Form^ISSlSlS,  Section  2,  pp.  1  -  12; 

2.  Operator fs  tfanual,  TD2ff,  Series  "B"%  Ctawle^ 
Tractor  and  Tractor  Equipment  Form  OM-TD20B, 
Section  9,  pp.  25  -  28. 


a.    MN-8146,  MThe  pamblers"  (20  min.). 

2.  Sli4es.  m  ,  Jz*  "  ; 

a.  International  Harvester  Strip  Film  TE-4,"  . 
Power  Control  Units. 

b.  International  Harvester  Powerv  Conttol  , 
Units  S^8620C  (80  frame) . 

3.  i-ocaily  Prepared  Material. 

a.    Job  Sheet..  ' 

(1)    CM  "A"  JS  4.1.3.1,  "Adjusting  the  Inter- 
national Modll  26Q  Power  Control  Unit. 


♦ 
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CM  "A"  IG  A. 


4.  Devices. 

a.    International  260  Power  Control  Unit 
(Cutaway) . 

E.  ^Training  Aids  Equipment: 

1.  16mm  sound  movie  projector. 

2.  35mm  slide  projector. 


I 
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OPTLINE  OF  INSTRUCTION 

I.    Introduction  to  the  lesson, 

^k.    Establish  contact.  . 

1.  Name; 

2.  Topic:    Adjustment  of  International  Model 
260  Power  Cdntrpl  Unit. 

B.  Establish  readiness. 

1.  Purpose. 

2.  Assignment. 

* 

C.  Establish  effect. 
1.    Value.  . 

*  a.    Pass  course. 
*    x     t>.    Perform  better  on  the  job*, 
c'.    Get  advanced.  - 

d.    Be  a- better  Construction  Mechanic. 

D.  Overview. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  A. 1.3 
STUDENT  ACTIVITY 


JLA.    Introduce  self  and  topic. 


I.B.    Motivate  student. 


I.C.  Bring  out  need  and  value 
of  material  being  presented. 


I.D-    State -learning  objectives. 

a.    State  information  and 
materials  necessary  to  guide 
student . 


59J 
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OUTLINE  OF  INSTRUCTION 
II.  Presentation. 

A.    Power  Control  Units  ( International  Model  260 
and  260S) .  * 

I.    Principles  of  operation  and  construction, 
a.    Planetary  system. 

(1)  Sun  gear. 

.  (a)    Attached^  to  drive  shaft  by 
a  spline. 

(b)    Meshes  with  two  planet  gears. 

(2)  Planet  pinion. 

(a)  Installed  on  pins  in  the 
cable  drum. 

(b)  Mesh  with  internal  teeth  of 
ring  gear. 

(3)  Ring  gear. 

(a)    Bolted  inside  the  clutch 
housing; 

,  *       b.  Spooling. 

v 

(1)    Sun  gear  turns  whenever  the 
tractor  power  take-off  shaft 
is  in  operation. 


tmSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.3 
STUDENT  ACTIVITY 


II .A. 1.    Pass  out  texts: 

a.  Service  Manual  Inter- 
national Power  Control  Units. 

b.  Operator's  Manual 
TD-20B  International  Crawler 
Tractor  and  Equipment. 


II.A.l.b.  Have  cla88  refer  to  II.A.I.b.  Jp-W" 

illustrations  in  service  to  pages  directed  by 

manual  International  fewer  instructor  and  follow 

Control  Units  pp.  U  sec.  2.  discussion.        1  . 
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.  '  '  .  -CM  "A"  IG  4.1.3-       35" 7 

-                '                                          INSTRUCTOR  ACTIVITY                     STUDENT  ACTIVITY 
OUTLINE  OF  INSTRUCTION  %  INblKUilUK  aoxiviii  —  :  

(2)    The  housing  and  ring  gear  cannot  ■  * 

rotate  when  the  friction  band 
•    <     is  applied  to  the  clutch  ho.using. 

\f  (3)    The  stationary  ring  gear  forces  the  « 

two  planet  gears  to  travel  "around 
;  '  inside  the  ring  gear  and  drive 

the  cable  dram  in  a  spooling  i 
direction.  .  1  > 

c.    Holding.  •        m  m 

(1)  When  the  friction  band  is  applied* to 
'the  brake  housing,  it  holds  the 

cable  drum  firmly  and  keeps  the  r 
loaded  cable  taut. 

TV 

(2)  '  Then  planet  gears  spin^ on  their  own  f 

axis  and  cause  the  ftLng  gear  and  ^  ~ 

clutch  housing  to  rotate. 

*  '  d^.    Unspooling.  . 

(1)  When  the  friction  band  is  released 
from  the  drums,  the  planet  gears 

■  >•  and  cable  drums  rotate  in  the  un-  4 

spooling  direction.  '  ^ 

(2)  The  ring'gear  with  the  clutch  housing 
rotates  in  the  same  direction. 

(3)  The  eun  gear  continues  to  turn  in  ^ 
its  usual  direction. 

e.  '  Lock  out- 
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OUTLINE  OP  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  rrA,r  IG  .1.3 
STUDENT  ACTIVITY 


(1)    Same  as  unspooling  except  the 
control  leVer  remains  to  the 
•    extreme  right  of  the  operator 
holding  the  brake  and  clutch  band 
released  from  the  brake  drum  and 
clutch  housing. 


f .    Brake  and  clutch  bands. 


t 
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(1)  Brake  and  lower  clutch  bands  can 
be  turned  end  for  end  and  be 
interchanged. 

> 

(2)  Upper  clutch  band,  bi-mettalic  tips, 
not  interchangeable. 

2.    Maintenance 'and  repair. 

a.  Replacement  of  clutch  and  brake  band. 

NOTE:    It  is  not  necessary  to  remove  the  m 
*  power-control  unit  from  the  tractor 
when  replacing  the  brake  and  clutch 
bands,  also,  the  bands  can  be  removed 
and  replaced  without  removing  the 
drums . 

b.  Adjustments. 

CAUTION:    BEFORE  MAKING  ANY  ADJUSTMENTS,  STOP 
THE  ENGINE  AND -BE  SURE  THE  CABLE 
«o  IS  SLACK. 

.(1)    Minor  adjustments  compensate  for 
normal  band  wear.  , 

(2)    If  after  making  minor  adjustments 
proper  engagement  and/or  disengage- 
ment cannot  be  obtained  on  the  bands 
a  major  adjustment  is  required. 

•  (7  of  14) 
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OUTLINE  OF  INSTRUCTION 

— •  ; 

3.    Hydraulic  power-control  units. 

a.  Hydraulic  reservoir  and  piping. 

(1)  Model  D-2  or  G-2. 

(2)  Related  parts. 

b.  Hydraulic  pump\  IH  (Series  28). 

(1)  Gear  type. 

(2)  Positive  displacement. 

(3)  Eagine  crankshaft. 

-  (a)    Driven  through  series  of 
gears . 

c.  Control  valve  IHA(Series  7). 

(1)  Single  or  three "spool  valve 
model. 

f 

(2)  Major  components.^- 

(a)  Valve^body. 

(b)  Positioning  spool  or 
spools . 

(c)  Check  valves. 

(d)  Main  pressure  relief  valve. 


TNSTRUCTOR  ACTIVITY 


PM  "A"  I(?  4.1.3 
STUDENT  ACTIVITY 


3Sf 


li.A.3.b.    Have  class  refer  to 
Operator's  Manual;  International 
TD20  Series  "B"  Crawler  ' 
Tractor  and  Tractor, Equipment 
Sec.  9,  pp.  25  -  28  while 
discussing  hydraulic  power- 
control  ^ynits. 


lf.A.3.b:  Retfer  to 
text  as  directed 
by  instrrfctor  and 
participate  in  in- 
structor guided 
discussion. 
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CM  "A"  IG  ..1.3 

INSTRUCTOR  ACTIVITY                      STUDENT  ACTIVITY 
OUTLINE  OF  INSTRUCTION  INSTRUCTOR  Allivm  .  

-  m  e 

(3)    Directs  pressurized  oil  through 

connecting  lines  to  actuate         >,  m  *  *  ^  a 

hydraulic  cylinders. 

•  * 

d.  Hydraulic  cylinders. 

(p^CIJf^Lind^ 

•    '  (a)    Single-stage-,  double  acting 
type., 

i   .  . 

(2)    Tilt  cylinder.  ^ 

(a)    Single  stage,  double  acting 

.    type.  I      *  * 

e.  Operation.  *  -  i 

*    '  ( 
(1)    Hoi*  position.  *     ^   , —    —  ----- 


♦(a)    Three  or  four  position 

spools.  ( 

(b)    Spool  seals  off  the  passages.  ° 

T9  cylinder  lines. 


(2)    Raise  position. 


(a)    Spool  is  positioned. 

1^   Allows  oil  to  flow  to 

cylinders  from  pressure  side 
of  piynp  through  the  control  ^ 
valve  papaage.  > 

'  /  603 
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;  „  2^   Passage  for  lowering  is 

\  *"  sealed  off  by  the  spool. 

(3)  Power,  lower  position. 

(a)    Operates  in  the  same  manner  as 
the  "raise"  position. 

1.    Except  the  spool  is  posit- 
ioned  to  direct  oil  to 
opposite  end  of  the  cylinder. 

(4)  Float  position. 

(a)    Control  lever  moved  to  detent 
the  spool. 

1,    Supplying  pump  oil  to  the 

"raise"  and  "lower"  , 
passages  are  sealed  off .  . 

i 

if  Maintenance  (Model  D-2  or  G-2) .  - 

(1)    Checking  oil  level.  ' 

(a)  Engine  stopped.  t 

*  #  " 

(b)  Blade  or  bucket  resting  level 
ou  the  ground. 

(c)  Control  filler  and  level,  plug.  , 

CAUTION! I    Always  loosen  the  filler  and 
level  plug  slowly  in  case  there  is  still 
Sonfc  pressure  in  the  system. 

*  (2)    Draining  the  system. 
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/ 


(a)    Operate  system  to  warm 
lubricant. 

(By^  Drop  blade  below  ground  level 
and  place  control  handle  in 
,ffloattt>osition. 

(c)  Stop  engine. 

(d)  Drain* reservoir  and  cylinders. 

(e)  Remove, the  return  filter 
element  • 

1,    Diy^d  and  replace. 

(f)  Ttemove  filter  (outlet)  and  clean 
all  parts  which  were  removed 
from  tank. 

(g)  Thoroughly  clean*  the  interior 
of  the  reservoir  before 
reassembly . 

(3)    Filling  and  venting  the  system.  " 
(a)    Fill  the  tank.  ' 

1,    Up  to  the  level  6f  'the. 
plug  opening.  s 


NOTE:       Refer  to  "Lubricant  Spec- 
ification and  Capacities 
Chart11  for  type  and 
. quantity  of  lubricant 
required. 


Have  class  refer  to  lubrica- 
tion specification  and 
capacity  chart  in  text. 


Refer  to  text  as 
directed  by  instructor, 
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Engine  at  low  idle  speed, 


(c)  Operate  all  the  control 

■  through  all  positions  four 
or  five  times. 

(d)  Recheck  the  lubricant  level 
with  blade  resting  on  the 
ground. 

(4)  Inspect  all  hoses  and  connections 
for  leaks. 

(a)    Correct  all  leaks,  no  matter  N 
how  minor. 

NOTE:    When  disconnecting  hydraulic 

lines  for  any  reason,  they  should 
be  properly  capped  with  the 
correct' size  plastic  cap.  Tape 
or  clean  rubber  corks  may  be 
used  if  the  plastic  cap  is  not 
available.    Hydraulic  opening  . 
wist  never  be  plugged  with  rags,  ^ 
this  practice  could  easily  intro- 
duce dirt  or  lint  into  critical  ^ 
hydraulic  components  of  the 
tractor. 

(5)  Hydraulic  pump. 

(a)  Keep  connections  tight. 

(b)  Inspection  and  repair. 

1^_   Preliminary  inspection 
should  be  made  as  parts 
of  the  pump  are  removed. 

-  '  (1?  of  14) 
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■NAVAL  CONSTRUCTION  TRAINING-CENTER 
•     PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 

JOB  SHEET  ''  m 

Title:    Adjustment  of  the  International  Model  260  Power  Control  Unit 

Introduction:  'ihe  purpose  of  this  job  sheet  is  to  guide  you  in  the 
practical  performance  of  adjusting  the  International  Model  260  Cable 
Control  Unit. 

* 

You  will  adjust  the  International  Model  260  Power  Control  Unit  to  conform 
to  manufacturer's  specifications  without  deviation.    Your  performance 
will  be  guided  by  job  sheet  and  key  points  from  the  instructor  s  lecture/ 
discussion. 

Tools Equipment  and  Materials: 

A.    Heavy  equipment  shop  handtools. 

BN   International  Model  260  Power  Control  Unit. 
Conditions : 

A.  Student  teams  of  six  (6)  students  each  are  assigned  to  Inter- 
national Model  260  Power  Control  Unit  to  accomplish  brake  and 
clutch  band  major  adjustments. 

B.  ^ach  team  is  provided  with  all  required  tools,  job  sheets  and 

manufacturer's  manuals  to  accomplish  the  assigned  task. 

C.  All  background  data  and  necessary  details  are  covered  in  the 
classroom  lecture /discussion  prior  to  shop  performance. 

Procedures:    (As  outlined  on  following  pages.)  \  ^ 


a  of  4)      60d  :& 
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f  Aliun  rutecit  mark 


Minimum  adjustment  ft- "l/H'' ^ffi 

Maximum  adjustment,?* 


Br«W  «*4  Clutch  Un4  AJjuttinf  Ptlnt*. 


1.  LEVER,  clutch. 

2.  BOLT, 

3.  LEVER,  brake  release. 
4*.  NUT,  jam. 

5.  NUT,  j*m. 

6.  SCREW,  set 

7.  HOUSING,  spring.  ' 


8.  BLOCK,  brake  spring  guide  end.  ^ 

9;  PIN,  dowel. 

10.  SPRING,  brake  holding. 

11.  BOLT,  brake  holding  spring, 

12.  NUT,  brake  tension  rod  adjusting. 
13*.  NUT,  clutch  tension  rod 

adjusting. 


NO? £:    Never  set  new  brake  or  clutch  bandi 
tight  to  avoid  the  normal  adjustments  re- 
quired for  seating.   This  will  cause  the  shoe 
to  drag  and  overheat  the  entire  unit,  result- 
ing in  seal  failure  and  oil  leakage.   . 


Model  260 

NOTE:    The  following  adjustment  is  for  one 
side  only;  if  both  sides  need  adjustment  the 
s^me  procedure  must  be  repeated  for  the 
©pposite  side.  \ 
Continued  on  next  page. 
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CABLE  CONTROL  UNIT- G*«*»4 
Modtl  260~CmMm*4 

Breke  Um4  Mtm  JU|witm#«t  (Illust.  39) 

1.  .  Place  the  control  livtr  in  the  "HOLD" 
position. 

Z.    Adjust  the  brake  reach  rod  adjusting  nut 
(A)  until  the  brake  release  lever  boss  is  flush 
with  the  bottom  of  the  bolt  (B).     This  provides 
a  1/16  inch  clearance  between  the  bolt  head 
and  the  brake  release  lever. 


NOTE:   Do  not  adjust  bolt  (B)  to  regain  the 
necessary  1/16  inch  clearance  under  the  bolt 
heads.    This  is  done  only  by  adjusting  with 
nut  (A). 


3.   Adjust  the  clutch  band  as  described  under 
•■Clutch  Band  Minor  Adjustment »'  which 
follows.   This  is  necessary  after  a  brake 
band  adjustment. 

Clutdt  Bens'  Miner  Adjustment 

Whenever  the  hand  lever  free  travel  increases 
two  inches  over  the  normal  specified  free 
travel  or  whenever  the  brake  band  has  been 
adjusted,  the  clutch  band  must  be  adjusted. 


Measure  the  free  travel  as  follows: 

1.  Place  the  hand  lever  in  the  "HOLD" 
position* 

2.  Pull  the  lever,  using  one  finger,  from  the 
"HOLD"  position  to  the  "RAISE"  position 
(toward  the  operator)  and  measure  this  dis- 
tance.   This  distance  is  the  free  travel. 

The  cable  control  unit  linkage  (Illust.  38) 
can  be  adjusted  to  provide  either  a  three  or 
four  inch  {reduced  lever  effort)  hand  lever 
free  travel* 

a.  THREE  INCH  FREE  TRAVEL:  Con- 
nect the  control  link  in  hole  (E,  Illust.  38) 
and  adjust  nut  (C,  Illust,  39)  to  obtain  a. 
three  inch  free  travel. 

b.  'FOUR  INCH  FREE  TRAVEL:  Connect 
the  control  link  in  hole  (F,  Illust,  38)  and 
adjust  nut  (C,  Illust/  39)  to  obtain  a  four 
inch  free  travel  for  reduced  lever  effort. 

Brake  and  Clutch  Bond  M«jor  Adjutant 
(Must.  39) 

This  procedure  must  be  followed  in  sequence. 

1.  Disconnect  the  adjustable  control  link  from 
the  bell  crank  (Illust.  38). 

.  2.    Loosen  the  jam  nut  (D)  and  bolt  (B)  to  per- 
*  -rnit  Unrestricted  movement  °*  ^e  brake  re- 
^le*5*4ever. 


Clutch  reach  rod  _ 


Brake  huMinj;  spr trig  bolt 

I 


HraU  ni(jH  loir 


BonA  A'ljtM»m*nU. 
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3H 


set  screw 
(tut  several 


•3r  UooSen  the  clutch  reach  rod  adjusting  nut 
(C)  until  the  reach  rod  can  be  lifted  with  the 
fingers  and  indicates  a  1/4  inch  gap  under  the 
adjusting  nut  (C).  I 
4,    Back  off  the  brake  holding  spring  bolt  until 
the  dowel  pin  is  7-3/8  inches  frorh  the  end  of 
the  spring  housing  (Ulust.  41). 

5#   Loosen  the  band  hold-off  spring 
jam  nuts  and  back  the  set  screws 
turns* 

6.  Adjust  the  brake  reach  rod  nut  (A)  until  the 
faces  of  the  brake  release  lever  ahd  brake  * 
lever  bar  are  vertical.   Be  sure  that  clearance 
is  maintained  under  the  head  of  the  bolt  <B) 
and  the  clutch  reach  rod  is  loose  /(refer  to 
Step  3).  / 

7.  Tighten  the  brake  holding  spting  bolt  until 
the  dowel  pin  is  approximately  6-3/4  inches 
from  the  end  of  the  brake  holding  spring  housing 
(niust,  41).  After  making  this  adjustment,  it 
may  be  necessary  to  repeat  th^  adjustment 
outlined  in  Step  6. 

8.  Adjust  the  bolt  (B)  so  the/bottom  of  the  bolt 
head  is  flush  with  the  boss  oh  the  brake  release  . 
lever(IUust.  42).   This  provides  a  1/16  inch 
clearance  between  the  bolt /head  and  the  brake 
release  lever/  Tighten  thi  jam^nut  (D)  at  the 
lower  end  of  the  bolt  (B)./ 

9.  ,  Using  an  Allen  wrench,  turn  in  the  band 
hold-off  spring  set  screws  until  the  scr ews 
bottom  solidly  against  the  shoes.v  Back  off  one 
to  two  turns  on  each  screw  and  lock  in  place 
with  the  jam  nut. 

10.  Position  the  tiller  post  so*he  arrow  on 
the  lock-out  lever  aligns  with  the  center  of  the 
lock-out  follower  shaft  (IUust.  40).  Lo?»«» 
the  jam  nut  on  the  abatable  control  link  (II- 
lust.  38)  and  lengthen  or  shorten  the  link  until 
the  rod  end  bearing  bore  aligns  with  the  hole 

_in-theJ>ell  cxnk..  Tighten  ^5«^^im 
nut.   Secure  the  control  link  to  the  tell  crank  - 
using  the  cap  screw. 

11 .  Adjust  the  clutch  as  outlined  under  "Clutch 
*Band  Minor  Adjustment"  on  page  38  in  this 

section*  , 

« 

12.  If,  after  placing  the  unit  into  operation, 

it  is  found  that  the  brake  slips  or  does  not  hold 
the  load  and  all  adjustments  are  correct, 
tighten  the  brake  holding  spring  bolt  (turn 
clockwise).   When  tightening  the  bolt,  move 
th*  dowel  in  the  brake  spring  housing  only 
1/16  inch  at  a  time  and  recheck  brake  operation. 


NOTE.  The  dowel  must  never  be  less  than 
6-3/*8  inches  or  more  than  7-3/8  inches  from 
the  end  of  the  spring  housing.  


%_  Arrows  on 

3*v  lock-out  fevers 

Lock-out    f         /'  •  *  -  i: 

follower  shafts-Ujga— ,      '  \<f  *  "*« 

tLock-aut] 
*ym+)  levers 


•    TilUr  Adjustment. 
13.    If  new  clutch  or  brake  drum  shoes?  have 
been  installed,  the  shoes,  mtwt  be  allowed  to 
seat  under  actual  operating  conditions ♦  Check 
the  hand  lever  free'travel  and  tfce?;cleA?nce 
under  the  bolt  (B,  Illust.  42)  iX  frequent  inter- 
vals for  the  first  100  hours  of  operation*  If 
either  or  both  of  these  dimensions  have  changed/ 
perform  either  the  "Brake  Band  Minor  Adjust- 
ment11 and/or  /'Clutch  Band  Minor  Adjust- 
ment" oil  page  I3  of  4  this  job  sheet. 

Assembled  spring  length  6*3/4" 
Brake  holding  spring  bole  J 

"  Dowel  Bfakc 
spring 


> 


Minimum  adjustment  6*3/8"  ^ 

Maximum  adjustment  7-3/3" 

Broke  (folding  Spring-Housing 


NOTE:    Never  set  new  brake  or  clutch  bands 
tight  to  avoid  the  normal  adjustments  required 
for  seating.    This  >will  cau^e  the  shoe  to  drag 
and  overheat  the  entire  unit*  resulting  i_h  seal^ 
failure  and  oil  leakage.  ,  _ 


Bolt  B 


Brake  release  lever 


BroU  R«Uo*#  L«v«r  Trov#!  Adjustment. 
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JOB  SHEET 

Title:    Oxy-Mapp  Gas  Heating  Ind  Cutting 

Introduction:    Selection  of  the  correct  cutting  tip,  gas  pressure  and 
preheating  flame  to  bring  steel  up  to  a  kindling  tempetature.  Cut 
straight  line  cuts.  ^ 

Tools,  Equipment  and  Materials. 

A.  Tools:  * 
1.    Hand  tools. 

i 

a.  ,   Chipping  hammer. 

r 

b.  Wire  brush* 

c.  Pliers,  8  inch. 

B.  Equipment:  \ 

1.  Oxy-Mapp  cutting  unit  with  all  accessories. 

2.  Safety  equipment. 

a.  Goggles.' 

b.  Gloves.  ,  * 

■  i 

c.  15  lb.  C02  extinguisher. 

C.  Materials: 

1.    Scrap  steel.^ 
^  2.    Soap  stone.  ,  * 

PrQcedures>:  1 
A.    Secure  cylinders. 

1.    Strap  or  chain  cylinders  upright. 

a.    Have  cylinders  setting  directly  on  deck. 
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Clean  valves  .  %  v 

,    .  1.    Crack  cylinders4  slightly  to  blow  out  dust.  r 

a.  ^Have  valves  pointing  away  from  personSfoen  cleaning. 

C.  Attach  regulators.  „ 

^JL.    Hold  regulators  in.  one  hand,  screw  on  with  the  other  arfd 
tighten  snugly.  ^  $ 

a.    The  mapp  regulatc>r  has  left  hand  threads  and  the  oxygen 
regulator  has  right  hand  threads. 

D.  Hook  up  hdses  to  regula^fr.  ^ 

•  -    1.    Hoses  with  grooved-nuts  are  attached  to  mapp  'regulator . 

a.  ■  Mapp  hoses  have  left  hand  threads  and  oxygen  have  right 
*    .hand  threads.  s 

* 

E.  Attach  hoses  to  torch  butt.  * 

t    1.    Attach  mapp  hose  to  left  hand  threads  and  oxjrgen  to  right  .v  : 
•  hand  threads  of  torch  butt.  ,  . 

f  -a^    Avoi^getting  oil  or  gre'ase'on  connections*        *    .  •  f>s 

F.  Attach  cutting  attachment  to  torch  butt.  .  :  r  \ 

\'        '  -~ 

1.    Screw  on  cutting  attachment  hand  tight. 

' 

S.    Select  the'  correct  cutting  tip. 


1.    Determined  by  plate  thickness.  4  ^ 

Note:    Use  chart  on  p^ge  5  of  this  JolT  Sheet  to  determine  .J 

j-       "Correct  ti£  size.  .  -  .  • 

'         Cutting  attachment  has  right-hand  thread. 

H.  Attach  cutting  tip.  " 

^  _r  ~   -  ~    -    '  J  k   ~~    * "       "  ~  -  V 

"1.    Remove  nut  off  cutting  attachment  head,  insert  tip- and-  .<. 
replace  buT? •  Y 
"a.    Blov?  out  any  dust  on  seat  of  cutting  head.         »  , 

I.  Close  regulators.         *  • 

*    1.    Turn  out  screws  on  both  regulators  (counterclockwise). 

'a.    Turn  until  loose.  ^ 
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J>    Open  o:£ygen  tank.  y 

) 

1.    Open  completely/ 

a.    Do  not  tighten  valve  at  open. 

**  ' 

K.    Open  Magp  tank*.   J_„_.^l„  :lHL 

1.    Open  only  one  full^turn. 

L,    Set  regulators  at  cutting  pressure.  fc  ^ 

1.    Determined  by  tip  size,    m  e  t  m  •  t  ± 

Note:    Use  chart  on  page  5  o£  this  Job,  Sheet  to-  deteanjlnei 

 correct  pressure.  JOi- 

Blow  out  air  fro^HappTiose .  ~;~ 

4  *  to  +. 

1.    Open  Mapp  needle  valve  and  permit  a.  small  amount  of  Mapp 
to  escape  and  then  close  valve, 

a.    Permit  gas  to  escape  in  an  unconfined  area, 
N.    Blow  out  air  from  oxygen  hose. 

Open  oxygen  needle  valve  and  perniit  a  small^amourit  of 
oxygen  to  escape  and  then  close  valve, 

'  .  '      a.    Direct  escaping  oxygen  away  from  person, 

0. <  Adjust  preheating  flame  to  neutral. 

1,    Turn  on  Mapp  needle  valve, 

a.  .  Check  surroundings  for  combustible  materials, 

b.  Never  cut  on  a  tank  or  container  until  a  safety  cb£ck 
has  been  made, 

.     2,    Light  torch jdLth  spark  lighter. 

3,    Turn  on  oxygen  valve  of  torph  completely.  ^ 

.4*    Turn  on^xygexj,  valveson  cutting  attachment  until  neutral 
*  flame  is  formed  onpreheating  holes , 


P.    Heat  metal  to^kindling  temperature,  . 
1.    Bring  metal  up  to  a  cherry- red, 
a.    Cherry  red  in  daylight, 

"   O  of  5)        *  . 
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Q,    Make  a  straight  cut. 

1.    told  preheating  flames  approximately  1/16"  above  metal. 

*   „   

R.    Safety  in  cutting.  y  - 

1.    Never  use  Mapp  welding  or  cutting  tips  with  acetylene. 

Questions:  ,  ? 

A.  When  the  metal  is  preheated  to  kindling  temperature,  what  color 
Is  it?-    :  ; 

t       ANS :  *  Cherry  red . 

B.  What  determines  the  size  of  tip  to  be  selected?  .1 
ANS:    The  thickness  of  metal  to  be  cut. 

C.  What  determines  the  oxygen  and  Mapp  pressure  to  be  used? 
ANS:    The  size  of  tip  selected. 

D.  Is  the  preheating  flame  adjusted  to  carbonizing  neutral  or 
oxidizing? 


ANS:  Neutral. 


E.    How  fclose  should  thfe  preheating  flame  be  held  to  the  bise  metal 
on  a  straight  line?  *m  ,  ' 

ANS:    1/16".'  >* 

References :  )    } '  '  , 

A.  -Steelworker/^  NAVPERS  10653-E,  pages  187-200. 

B.  Naval  Construction  Force  Safety  Manual  COMCBPAC/COMCBLANT  inst. 
510okT 

C.  -Welding  Encyclopedia,  16th  edition,  pages  F-15  to  F-38. 


-  \ 
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CUTTING  TIP  SELECTION  CHART 


PLATE  THICKNESS      TIP  SIZE  NO,  PRESSURE  PSI     MSPP  PRESSORS  PSI 

3/16"  72  30-40  2-6 


.1X4"  M 

*  < 

3/8"  '  65 


35-45  2"6_ 
35-45  2-8 


60  *  40-50  2-8 

3/4..  56  40-50  2-10 

 40-50   :  2=10. 


-56- 
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!  3^/411  54  40-60  2-10 

1  1/2"  54  *     -  40-60  -  2-10 


2"  52 


40-60  2-10 
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.    XAVA1  CO»TRUCTI0!l  TRAIIDC  OHfMR  ,  ' 

POST  KUUBb,  OA.  93*3  ( 

COIBTRUCTKW  ttCHAlfIC  CLASS  "A"  COUBSI  lfUMBBt  A-610-0022 

M«i   Servicing  the  IAD  Caterpillar  Crawler  Tractor  Power  Train,  hereafter 
r      referred  to  as  the  WD. 

Introduction t 

The  purpose  of  this  Job  Sheet  is  to  guide  you  in  the  practical  perf eraance  of 

renoving,  dlaasseably,  inspecting,  repairing,  reasseably,  and  adjusting  the 

Power  Train  Coaponents  of  the  DW.   The  eoaponents  to  be  eoTered  are  the  aaster 

clutch,  the  transaission,  the  steering  dutches,  the  bevel  gear,  the  track 

frsae,  and  -the  final  drive  asssnhllsa.  -  


You  will  select  and  safely  sat  all  tools  and  nuipnent  ree,*irod  te  acoeaplish 
all  procedures  en  this  Job  Sheet. 

All  safety  precautions  that  are  applicable  to  you,  your  teaa  sates  and  the  et*ip«*«V 
aust  be  observed  at  all  tines. 

Brery  procedure  must  be  done  Ija  accordance  with  this  Jeb  Sheet   and  manufacturers 

specifications  without  errors  ,  ' 

«  ~* 

Tools  and  Equipment i 

A.  Caterpillar  DM)  Crawler  Tractors 

B.  Caterpillar  Special  Tools 

4  k 

C.  Heavy  Equipaent  Shop  Handtools 

D.  Hoist,  CEein 

E.  Tressle,  Hoist  (A-Fraae) 

F.  Torque  Wrench 

G.  Task  Job  Sheet  p 

He    Manufacturer's  Service  Manual 

Conditions i 

A.    Student  teams  of  four  (4)  sen  each  are  assigned  tc  a'  DM)  tractor  to  ^ 
accomplish  the  tasks  of  disassembly,  inspection,  repair,  reassembly, 
and  adjustment  of  the  power  train  components. 

Procedure! 

i 

A,,  As  outlined  on  the  attached  pages  of  the  Bquipaent  Work  Order  (EWO)  and 
continuation  sheets. 


(  1  of  4)" 


)  ■ ' 


V?4  ' 


1.  Kutir  (Hutch. 

2.  Tranaaiaaion 

3.  Staaring  C3.uteh«t 

i*.  Powwr  Train  Raaaiaably  and  Adjuataant 

5«  Track  Rollar  Fraaa 

6.  Pinal  Driva 


7.  Track  Praaa  Raaaaaably  and  Adjuatnant 

8.  Xaint«nance/oparator  Sarricaa 
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CHAPTER  1  — 

fORY  AND  DEVELOPMENT 


Fluid  Power,  NavPers  16193-B,  presents 
many  of  the  fundamental  concepts  in  the  fields 
of  hydraulics  .and  pneumatics.  This  manual  is 
intended  as  a  basic  reference  for  all  personnel 


of. the  Navy  whose  duties  and  responsibility 
require  them  to  have,  a  knowledge  of  the  fundam- 
entals of  fluid  power.'  Consequently,  empbksis  is 
placed  primarily  on  the  theory  of  operation  of 
"typical  fluid  power  systems  and  components  that 
have  applications  in  naval  equipments.  Many 
applications  of  fluid  power  are  presented  in  this 
manual  to  illustrate  the  functions  and  operation 
of  .different  systems  and  components.  However, 
these  are  only  representative  of  the  many  appli- 
cations of  fluid  power  in  naval  equipments.  Indi- 
vidual rate  training  manuals  should  be  consulted 
for  Information  concerning  the  application  of 
fluid  power  to  specific  equipments  for  which 
each  rating  is  responsible. 

Infeddition,  the  examples  df  systems  and  com- 
ponents presented  in  this  manual  are  tjsed  to 
illustrate  the  functions  and  operation  of  certain 
types'.  Since  there  are  many  different  manufac- 
turers of  fluid  power  systems  and  compon^nts^ 
each  type  presented  may  represent  several  dif- 
ferent models  or  designs.  Therefore,  this  manual 
is  not  intended  for  use  in  the  maintenance  and 
repair  of  specific  equipments.  Applicable  tech- 
nical publications  and  technical  instructions 
should  be  used  for  this  purpose.  These  terms, 
applicable  technical  publications  and  applicable 
technical  instructions,,  are  frequently  referred 
to  in  this  manual.  They  include  such  documents 
as  the  following. 

1.  Certain  chapters  of  the  Naval  Ships* 
Technical  Manual. 

"~  2.  Operation,  maintenance,  repair,  over- 
haul, and  parts  manuals,  which  are  provided  by 
the  manufacturer  of  the  component^  system, 
and/or  equipment.  These  manuals  are  usually 
approved  by  the  appropriate  command—  Naval 


Ships  Systems  Command,  Naval  Air  Systems 
Command,  etc. 

3.  Maintenance  Require  Agents  Cards 
(MRC's).  


4.  Military  Standards  and  Specifications. 

5.  t  Instructions  and  Notices. 

FLUID  POWER  ' 

Fluid  powe*  is  a  relatively  new  term  which 
was  established  to  include  the  generation,  con- 
trol, and  application  of  smooth,  effective  power 
of  pumped  or  compressed  fluids  (either  liquids 
or  gases)  when  this  power  is  used  to  provide 
force  and  motion  to  mechanisms.  This  force 
and  motion  may  be  in  the  form  of  pushing,  pul- 
ling, routing,  regulating,  or  driving.  Fluid  power 
includes  hydraulics,  which  involves  liquids,  and 
pneumatics,  which  involves  gases.  Liquids  and 
gases  are  similar  in  many  respects  and  there- 
fore are  described  as  fluids  in  most  sections  of 
this  manual.  The  differences  are  pointed  out  in 
the  appropriate  areas.  In  these  areas  they  are 
treated  separately  as  liquids  and  gases,  or  as 
in  the  following  sections,  as  hydraulics  and 
pneumatics. 

HYDRAULICS 

The  word  hydraulics  is  a  derivative  of  the 
Greek  words  hydro  (meaning  waterl  and  aulis 
(meaning  tube  or  pipe).  Originally,  the  science 
of  hydraulics  covered  the  physical  behavior  of 
water  at  rest  and  in  motion.  This  dates  back 
several  thousand  years  ago  when  water  wheels, 
dams,  and  sluice  gates  were  first  used  to  con- 
trol the  flow'bf  water  for  domestic  use  and 
irrigation.  Use  has  broadened  its  .meaning  to 
include  the  physical  behavior  of  all  liquids.  This 
includes  that  area  of  hydraulics  in  which  confined 
liquids  are  used  under  controlled  pressure  to  do 
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work.  This  area  of  hydraulics,  sometimes  re- 
ferred to  as  ''power  hydraulics,"  is  discussed 
in  this  manual.  *' 

Hydraulics  can  be  defined  asthat  engineering 
science  which  pertains  to  liquid  pressure  and 
flow,  This  science  includes,  for  example,  the 
manner  in  which  liquids  act  in  tanks  and  pipes, 
dealing  with  their  properties  and  with  ways  of 
utilizing  these  properties.  It  includes  the  laws  of 
floating  bodies  and  the  behaviorof  liquids  on  sub- 


as.  the  other,  and  if  each  is  supplied  with  a  piston 
that  'fits  it  .exactly,'  then  a  man  pushing  the 
small  piston  will  exert  a  force  that  will  equi- 
librate (balance)  that  of  one  hundred  men  pushing 
the  large  piston  and  will  overcome  that  of  ninety- 
nine  men/'  (This  is  the  basic  principle  of  hy- 
draulics and  is  covered  in  detail  in  chapterr2.) 

For  Pascal's  law  to  be  made  effective  for 
practical  applications,  it  was  necessary  to  ftave 
a  piston  that  "lit  exactly/'  It  vas  not  until  the 
latter  part  of  the  18th  century  that  methods  were 
found  to  make  these  snugly  fitted  parts  required 
in  hydraulic  systems.  This  was  accomplished  by 
the  invention  of  machines  which  were  used  to 
cut  and  shape  the  necessary  closely  fitted  parts 
and,  particularly,  by  the  development  of  gaskets 
and  packings.  Since  that  time,  such  components 
as  valves,  pumps,  actuating  cylinders,  and 
motors  have  been  developed  and  refined  to  make 
hydraulics  one  of  the  leading  methods  of  trans- 
mitting power. 

Application 

Today,  hydraulic  'power  is  used  to  operate 
many  different  tools  and  riiechanisms.  In  a 
garage,  a  mechanic  raises  thfe  end  of  an  auto- 
mobile with  a  hydraulic  jack.  Dentists  and 
barbers  use  hydraulic  power  to  lift  and  position 
their  chairs  to  a  convenient  working  height  by  a 
few  strokes  of  a  control  lever.  Hydraulic  dOQr- 
stops  keep  heavy  doors  from  slamming.  Hy- 
draulic brakes  have  been  standard  equipment  on 
automobiles  for  approximately  35  years.  Most 
automobiles  are  equipped  with  automatic  trans- 
missions that  are  hydraulically  operated.  Power 
steering  is  another  application  of  hydraulic 
power.  Construction  men  depend  upon  hydraulic' 
power  for  the  operation  of  various  components 
of  .their  equipment.  For  example,  the  blade  of  a 
bulldozer  is  normally  operated  by  hydraulic 
power. 

During  the  period  preceding  World  wjar  n, 
the  Navy  began  to  apply  hydraulics naval 
mechanisms  extensively.  Since  then,  naval  appli- 
cations have  increased  to  the  point  where  many 
ingenious  hydraulic  devices  are  used  in  the  solu- 
tion of  problems,  of  gunnery,  aeronautics,  and 
navigation.  Aboard  ship,  hydraulic  power  is  util- 
ized to  operate  such  equipment  as1  anchor  wind- 
lasses, power  cranes,  steering  gear,  remote 
control  devices,  power  drives  for  elevating  and 
training   guns    and  rocket  launchers.  Some 


merged  Surfaces.  It  treats  the  flow  of  liquids 
under  various  conditions,  and  ways  of  directing 
this  flow  to  useful  ends,  as  well  as  many  other 
related  subjects. 

There  are  several  other  terms  which  are 
sometimes  used  to  more  precisely  describe  the 
behavior  of  liquids  at  rest  and  in  motion.  These 
terms  are  generally  considered  separate 
branches  of  science  and  include:  hydfcbstatics, 
that  branch  of  science  pertaining  to  the  energy 
of  liquids  at  rest;  hydrodynamics,  the  branch  of 
science  pertaining  to  the  energy  of  liquid  flow 
and  pressure;  and  hydrokinetics,  which  pertains 
to  motions  of  liquids  or  the  forces  which  produce 
or  affect  such  motions. 

«-» 

Development 

Although  the  modern  development  of  hydraul- 
ics is  of  comparatively  recent  date,  the  ancients 
were  familiar  with  many  hydraulic  principles 
and  their  applications.  The  Egyptians  and  the 
ancient  peoples  of  Persia,  India,  and  China  con- 
veyed water  along  channels  for  irrigation  and 
domestic  purposes,  using  dams  and  sluicegates 
to  control  the  flow.  The  ancient  Cretans  had  an 
elaborate  plumbing  system.  Archimedes  studied 
the  laws  of  floating  and  submerged  bodiet?  Thfe 
Romans  constructed  aqueducts  to  carry  ^water 
to  their  cities. 

After  the  breakup  of  the  ancient  world,  there 
were  few  new  developments  for  many  centuries. 
Then,  over  a  comparatively  short  period,  begin- 
ning not  more  than  three  or  four  hundred  years 
ago,  the  physical  sciences  began  to  flourish, . 
thanks  to  the  discovery  of  principles  .basic  to  all 
of  them,  and  to  the  invention  of  many  new  me- 
chanical devices.  Thus, "the  fundamental  law 
underlying  the  entire  science  of  hydraulics  was 
discovered  by  Pascal  in  the  17th  century. 

Pascal's  theorem  was  as  follows:  "If  a 
vessel  full  of  water,  and  closed  on  all  sides,  has 
two  openings,  the  one  a  hundred  times  as  large 
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elevators  on  aircraft  carriers  utilize  hydraulic 
power  to  transfer  aircraft  from  the  hanger  deck 
to  the  flight  deck  and  vice  versa. 

Most  naval  aircraft  contain  a  network  of 
hydraulic  lines  and  components.  Hydraulic  power 
is  used  to  operate  such  units  as  wheel  brakes, 
landing  flaps,  antennas,  speed  brakes,  control 
surfaces,  and  the  retraction  and  extension  of 
the  ianding  gear.  Many  types  of  guided  missies 
contain  hydraulic  systems  for  the  operation  of 
flight  control  devices. 

PNEUMATICS  * 

The  word  pneumatics  is  a  derivative  of  the 


the  most  widely  used  fluid  medium.  As  discussed 
in  chapter  3,  nitrogen  has  many  of  the  qualities 
desired  in  the  fluid  medium  for  pneumatic 
systems  and  is,  therefore,  recommended  for  use 
in  some  systems. 

Probably' one  of  the  greatest  uses  pf  pneu- 
matic power  is  in  the  operation  of  the  various 
types  of  pneumatic  tools.  Pneumatic  drills, 
screwdrivers,  and  nut  setters  are  operated  by 
air  motors.  Riveting  guns  and  chipping  hammers 
are  usually  operated  by  airpressure.  Compres- 
sion tools  such  as  rivet  squeezers  and  punches 
are  operated  with  pneumatic  power;  Trains, 
buses,  and  l^rge  trucks  abnormally  equipped 
with  air  brakes. 


Most  models  of  aircraft  contain  pneumatic 
systems  as  an  emergency  means  of  operating 
those  units  that  are  normally  operated  hydraul- 
ically.  Guided  missiles  utilize  compressed  gas 
as  a.power  source  for  electrical  generators  and 
hydraulic  pumps.  In  some  missiles,  pneumatic 
power  is  utilized  to  operate  flight  control 
devices. 

Pneumatics  and  hydraulics  are  combined  for 
some  applications.  This  combination  is  some- 
times referred  to  as  hydropneumatics.  An 
example  of  this  combination  is  the  lift  used  in 
garages  and  service  stations.  Air  pressure  is 
applied  to  the  surface  of  hydraulic  fluid  in  a 
reservoir.  The  airpressure  forces  the  hydraulic 
fluid  to  raise  the  lift.  The  accumulator,  de- 
scribed in  chapter  7,  is  another  examp^of  this 


Greek  word  pneuma,  which  means  air,  wind,  or 
breath.  It  can  be  defined  as  that  branch  of  engi- 
neering science  which  pertains  to  gaseous 
pressure  and  flow.  As  used  in  this  manual, 
pneumatics  is  that  portion  of  fluid  power  in  which 
compressed  air,  orother  gas,  is  used  to  transmit 
and 'control  power  tOv  actuating  mechanisms. 

'   Development  ;  * 

There  is  no  record  of  man's  first  use  of  air 
to  do  work.  Probably  the  first  were  fansused  to 

^separate  the  chaff  from  grain  and  the  use  of  sails 
to  move  ships.  One  of  the  first  pneumatic  devices 
was  the  blow  gun  used  by  primitive  man.  In  the 
latter  part  of  the  18th  century,  heated  air  was 
used  to  carry  the  first  balloon  aloft.  The  heated 
air  was  allowed  to  Sxpand  in  the  balloon,  and 
therefore  it  became  lighter  than  the  surrounding 

'  air  and  caused  the  balloon  to  rise. 

Every  age  of  man  has  witnessed  the  devel- 
opment of  devices  to  utilize  air  to  do  work. 
However,  it  can  be  seen  that  man  used  air  for 
work  long  before  he  understood  it.  ^ 

Many  of  the  principles  of  hydraulics  apply  to 
pneumatics.  For  example,  Pascal's  law  applies 
to  gases  as  well  as  liqufds.  Also,  like  hydraulics, 
the  development  of  pneumatics  depended  upon 
closely  fitted  parts  and  the  development  of  gas- 
kets and  packings.  Since  the  invention  of  the  air 
compressor,  pneumatics  has  become  a  very  re- 
liable source  for  the'  transmission  of  power: 

Application 

The  fluid  medium  for^pneumatic  systems  is 
usually  compressed  adl^or  nitrogen.  Compressed 
air  has  been  used  for  many  years  and  is  still 
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The  extensive  use  of  hydraulics  and 
matics*  to  transmit  power  is  due  to  the  fact  that 
properly  constructed  fluid  power  systems  pos- 
sess a  number  of  favorable  characteristics. 
They  eliminate  the  need  for  complicated  systems 
of  gears,  cams,  and  levers.  Motion  can  be  trans- 
mitted without  the  slack  inherent  in  the  uSe  of 
solid  machine  parts.  The  fluids  used  are  not 
subject  to  breakage  as  are  mechahical  parts, 
and  the  mechanisms  are  not  subjected  to  great 
wear. 

The  different  parts  of  a  fluid  power  system 
can  be  conveniently  located  at  widely  separated 
points,  and  the  forces  generated  are  rapidly 
transmitted  over  considerable  distances  with 
small  loss.  These  forces  can  be  conveyed  up 
and  down  or  around  corners  with  small  loss^in 
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efficiency  and  no  complicated  mechanisms.  Very 
large  forces  can  be  controlled  by  much  smaller 
ones,  and  can  be  transmitted  through  compara- 
tively small  lines  and  orifices. 

If  the  system  is  well  adapted  to  the  work  it 
is  required  to  perform,  and  if  it  is  not  misused, 
it  can  provide  smooth,  flexible,  uniform  action 
without  vibration,  £nd  is  unaffected  by  variation 
of  load.  In  case  0/  an  overload,  an  automatic 
release  of  pressure  can  be  guaranteed,  so  that 


a  great  amount  of  pressure  and/or  extremely 
accurate  control,  a  hydraulic  system  should  be 
vused. 

SPECIAL  PROBLEMS 

The  extreme  flexibility  of  fluid  fcower  ele- 
ments gives  rise  to  a  number  of  problems. 
Since  fluids  have  no  shape  of  their  own,  they 
must  be  positively  confined  throughout  the  entire 


^system:  -Special-  consideration- must  be  given- to 
the  structural  organization  and  the  relation  9f 
the  parts  of  a  fluid  .power  system*  Strong. pipes 
and  containers  must  be  provided..  Leaks  must  be 
prevented.  This  problem  is  acute  with  the  high 
pressure  obtained  in  many  fluid  ptfwer  instal- 
lations. 

The  pressufes  required  in  fluid  power  sys- 
tems must  bjA  controlled  and  likewise  the 
movement  'of  Tke  fluid  within  the  lines  and 
comporfents.  This  movement  causes  friction/ 
within  toe  fluid'itself  and  against  the  containing 
surfaces,  .which  if  excessive,  can  lead  to  serious 
losses/in  efficiency.  Foreign  matter  must  not 
be  jklovted  to  accfamulate  in  the  system,  where1. 

will  clog  small  passages  or  score  closely 
fitted' parts.  Chemical  action  may  cause  cor- 
rosion. Above  all,  it  is  necessary  to  know  how 
a  fluid  power  system  and  its  components  operate 
both  in  terms  of  the  general  principles  common 
to  all  physical  mechamisn^s  and/*tt5Npeculiar- 
ities  of  the  particular  arrtag/ment  at 


the  system  is  protected  against  breakdown  or 
strain.  Fluid  power  systems  can  provide  widely 
variable  motions  in  both  rotary  and  straight- 
line  transmission  of  power.  Need  for  control  by 
hand  can  be  minimized.  In  addition,  fluid  power 
sysjtems  are  economical  to  operate. 

Jt 

The  question  may  arise  as  to  why  hydraulics 
is  u?ed  in  some  applications'and  pneumatics  in 
others.  Many  factors  are  considered  by  the  user 
and/ or  the  manufacturer  when  determining  which 
power  source  to  use  in  a  specific  application. 
There  are  no  hard  and*  fast  rules  to  follow; 
however,  past  experience  has  provided  some 
sound  ideas  that  are  usually  considereoNjfhen 
Making  such  decisions.  If  the  application 
,  quizes  speed,  a  medium  amount  of  pressure,  and 
only  fairly  accurate  control,  a  pneumatic  system 
may  be  'used.  If  the  application  requires  only  a 
medium  amount  of  pressure  and  a  more  accurate 
control,  a  combination  of  hydraulics  and  pneu- 
matics may  be  used.  If  the  application  required 
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CHAPTER.  2 


jMysTfcS  OF  FLWDS 


The  operation  of  any  fluid  power  system,  , 
regardl^s  of  ;its- complexity,  can  be  satis- 
factorily explained  as  an  application  of  i>hys- 

* 


Physics  is  tfrit  branch  of  S^ence  which 
deals  .with  matter  and  energy .^J# is  devoted 
to  -finding  and  defining  problems,  as  well  as 
.  searching  for  their  solutions.  It  not  only  teach- 
es  a  person  to  be  curious  about  the  physical 
world,  but  also  provides  a  'means  of  satis- 
fying that  cunosity.  ^The  science  of  physics  j 
is  divided  into  five  major  areas— mechanics', 
heat,  acoustics  (sound),  optics  (light),  and  elec- 
tricity. Further  divisions  may  include  such 
areas  as  magnetism,  radiation,  atomic  -struc~ 
ture,  and  nuclear  phenomena.  For  the  most 
part,  fluids  are  included  in  the  area  of  me- 
chanic^ Intact,  many  physics  textbooks  re- 
fer to  fluids  as  the  mechanics  of  liquids  aid 
the  mechanic^  of  gases.  It  should  be  poinj^-  , 
ed  out,  however, . that  the  study  of  fiuidiKls 
not  limited  to  the  area  of  mechanics.  A  For 
example,  heat  (changes  in  temperature)  has  a 
definite  effect  on  the  ^physical  characteristics 
of  fluicfeT 

In  order*  to  operate,  sfervice,  and  main- 
tain fluid  power  systems,  an  understanding  of 
the  bas^c  principles  of  fluids  at  jrest  and  in 
motion  is  essential.    There  can  be  no  question  ' 
that  the  mechanic  or  technician  'who  possess-  ^ 
es  this  understanding  is  better  equipped  to* 
m*et  the  demands  placed  upon  him  iixhis  every^ 
day  tasks.  • 

In  the ,  study  of  the  principles  of  fcydrau- 
lttfitend  pneumatics,  it  soon  becomes  obvious 
tha't  specific  words  and  terms,  have  specific 

♦meanings  which  musf  be  mastered  from  the 
start.    Without  an  understanding  of  the  exact* 

'  meaning  of  the  term,  there  can  T>e**no  real" 
understanding  of  the  principles  involved  in  the 
use  of  the  term.    Once  the  term  is  correct- 
ly understood,  hoover,  riiany  principles  may 
be  discussed  briefly  •  to,  illustrate  or  to  em- 


phasise the  particular  'aspects  of  Jnferest. 
The  terms  pertaining  to  the  principles  of 
hydraulics  and  pneumatics  are  discussed  in 
this  chapter.  This  discussion, covers  tfre  phys« 


ical  properties  and  characteristics  of  fluids, 
including  the  similarities  and.  differences  in 
the  characteristics  of  liquids  and  gases.  Also 
included  are  the  outside*  factors  .which  influ- 
ence the  characteristics  of  fluids  at  rest  and 
in  motion,  and  th$  laws  which?  govern  the  ao- 
tibn  of  fluids  under  specif jfvjnd  fixe^  con- 
ditions. 

/  / 

SPATES  OF  MATTER  \ 

.The  'material  substanceV which  makes  up 
the  universe'ls  known,  as  ^matter.  -"Matter  isf 
defined  as  any  substance  which  (Jbcupies  space 
and  has  weight.  Examples  covered  .by  this 
definition  are  iron,  water,  and^air.  Each  of 
the§e^cctjjpies  space  and  has  weight.  In  coii- 
.trast,  .heat,  light,  and  electricitjNre  not  int 
qluded  because  they  do  not  take  up^space  and 
cannot  be  weighed.  TJhey  are  forms  of  «n- 
wtoich  are  described  later  in  this  chap- 
Although  the  three  examples  of  matter- 
ing, water,  and  air— are  all  forms  qf  mattfer, 
each  one  has  distinguishing  characteristics. 
They  represent  the  three  states  of  matter- 
solids,  liquids,  and  gases.  Solids  have  a  def- 
inite volume  and  a  definite- shape;  liquids 
have  a  definite  volume,  but*  take  the- shape* 
of  the  .containing  vessel;  gases  liavg  neither 
a  vdefinjfe^olume  nor  i  definite  shape.  Gas- 
es not  only  take  the  shape  of  the  ^containing 
vessel,  but  they  expand  and  fill  the  vessel 
regardless  of  th6  volume  of$the  vessel. 

"Matter  can  change  from  ~one~state  to  an- 
other.   Water  is  a  good  example-.  At  high  tem- 
peratures it  is  in  the  gaseous  state  known 
as  steam.    At  mode**te^em'peratures  it  is 
a  liquid,  and  at  low  temperatures  it  becomes 
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ice,  which  is  definitely  a  solid  state.  In  this 
example,  the  temperature  is  the  dominant  fac- 
tor in  determining  the  state  th^t  the  substance 
assumed  Pressure  is  anoffeer  important  fac- 
tor that  will  effect  changes  in  the  state  of 
matter.  At  pressures  lower  than  atmos- 
pheric^ water  will  boil  and  thus  change  into 
steam  at  temperature's  lower  than  212°  Fahr- 
enheit (F).  Pressure  is  also-  a  critical  fac- 
tor in  changing  some  gases  to  liquids  or 
solids.  Normally,  when  pressure,  and  chill- 
ing are  both  applied  to  a  gas,  it  assumes 
a  liquid  state.  Liquid  air,  which  is  a  mix- 
ture of  oxygen  a#d  nitrogen,  is  produced  in 
this  manner. 

In  the  study  of  fluid  power,  we  are  con- 
cerned primarily  with  the  properties  and  char- 
acteristics of  liquids  and  gases.  However, 
it  should  be  kept  in  mind  that  the  properties 
of  solids  also  affect  the  characteristics  of  liq- 
uids and  gases.  The  lines  and  components, 
which  are  solids,  enclose  and  control  the  liq- 
uid or  gas  in  the  respective  systems. 


FLUIDS 


1 


and  ga^es*  In  this  discussion,  the  two  sub- 
stances are  treated  as  fluids;  however,  the  dif- 
ferences in  their  properties  and  character- 
istics are  described  in  the  appfopriate  areas. 
Also  included,  are  some  of  the  cilitside  fac- 
tors which  affect  fluids  in  different  situations. 


DENSITY  AND  SPECIFIC  GRAVITY 

The  density  of  a  substance  is  its  weight 
per  unit  volume,  The  unit  volume  selected 
for  use  in  the  English  system  of  measure- 
ment is  1  cubic  foot.  In  the  metric  system 
it  is  the  cubic  centimeter.  Therefore,  den- 
sity is  expressed  in  pounds  per  cubic  foot 
or  in  grams  per  cubic  centimeter. 

T*o  find  the  density  of  a  substance,  its 
weight  and  volume  must  be  known.  Its  weight 
is  then  divided  by  its  volume  to  find  the  weight 
per  unit  volume.  V 

EXAMPLE:  The  liquid  which  fills  a  cer- 
tain container  weighs  1,497.6  pounds.  The 
container  is  4  feet  lopgg|3  feet  wide,  and  2 
feet  deep.     Its  volunte^R  24  cubic  feet  (4  ft 


x  3  ft  x  2  ft).  If  24  cubfcTTeet  of  liquid  weighs 

4    x  1  497  6 

The  Ttord  fluid  is  derived  from  the  La^lll(^Jl,497./6  pounds,  then  1  cubic  foot  weighs  T  24  * 

or  62.4  pounds.    Therefore,  the  density  of  the* 


word  "fluidus"  meaning  to  flow.  A  fluiff'IS 
defined  as  a  substance  which  tends  to  flow  or 
to  conform  to  the  outline  of  its  container. 
Since  this  definition  applies  to  both  liquids  and 
gases,  fhey  are  commonly  referred  to^  as  flu- 
ids. However,  liquids  and  gases  a^e  dis- 
tinct states  of  matter  and,  therefoi^lliffer 
in  some  respects.  The  characteristics  of 
liquids  and  gases  may  be  grouped  under  sim- 
ilaritie^and  differences.       '    ■  ^ 

Similar  characteristics  are  listed  as  follows: 

.1.    Each  has*no  definite,  shape  but  conforms 
to  the  shape  of  its  container. 
•  2.  Both  readily  transmit  pressures.  4 

Characteristics  which  differ  are  listed  as 
follows: 

1.  Gases  fill  their  containers  completely, 
while  liquids  may  not. 

2..  Gases  are  lighter  than  equal  volumes  of 
liquids.  .  « 

3.  Gases  are  highly  compressible,  while 
liquids  are  only  slightly  so. 

The  following  discussion  concerns  the  phys- 
ical properties  ancP  characteristics  of  liquids 


liquid  is  62.4  pounds  per  cubic  foot. 

This  is  the  density  of  water  at  4°  Celsius 
(C)  and  is  usually  \|ged  as  ^e  standard  for 
comparing  densities  of  other  substances.  (Cel- 
sius, formerly  known  as  centigrade,  and  other 
temperature  Scales  are  described  later  in  this 
chapter.)  Using  the  metric  system  of  meas- 
urement, the  density  of  >water  is  1  gram  per 
cubic  centimeter.  The  standard  temperature 
of  4°  C  is  used  when -measuring  the  density 
of  liquids  and  solids.  Changes  in  temperature 
will  not-  change  the  weight  of  a  substance, 
but  Will  change  the  volume  of  the  substance 
by  expansion  or  contraction,  thus  changing  the 
weight  per  unit  volume. 

The  procedure  for  finding  density  applies 
to  all  substances;  however,  it  is  necessary 
to  take  pressure  into  consideration, when  com- 
puting the  density  of  "gases.  Alsp,  tempera- 
ture is  more  critical  when  measuring  the 
density  of  gases  than  it  is  for  other  sub- 
stances. The  density  of  a  gas  increases 
in  direct  proportion  fb  the  pressure  exerted 
on  it.  Standard  conditions  for  the  measurement 
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of  the  densities  of  gases  have  been  estab- 
lished at  0#  C  for  temperature  and  76  cen- 
timeters of  mercury.  (This  is  the  average 
pressure  of  the  atmosphere  at  sea  l^yel,  which 
is  approximately  14.7  pounds  per  square  inch.) 
Ttfe  density  of  aU  gases  is  computed  under 
these  conditions. 

It  is  often  necessary  to  compare  the  den- 
sity of  one  substance  with  that  of  another. 
Tor  this  purpose  a  standard  is  needed.  Wa- 
ter is  the  standard  that  physicists  have  chosen 
with  which  to  compare  the  densities  of  all 
solids  and  liquids.  Air  is  most  commonly 
used  as  the  standard  for  gases;  however, 
hydrogen  is  used  in  some,  instances.  In  phys- 
ics, the  word  specific  implies  a  ratio.  Weight 
is  the  measure  of  the  earth's  attraction  for 
a  body/.     The  earth's  attraction  for  a  bbdy 

"is  called  gravity.  Thus,  the  ratio  of  the 
weight  of  a  unit  volume  of  some  standard  sub^ 
stance,  measured  under  tye  standard  pressure 
and  temperature  conditions,  is  called  specific 
gravity.  The  terms  specific  weight  and  spe- 
cific density  are  sometimes  used  to  express 

j  this  ratio. 

■  The  following  .formulas  are  used  to  find 
the  specific  gravity  (sp  gr)  of  solids  and 
liquids. 

Weight  of  the  substance  

. sp  gr  =  Weight  of  ar^equal  volume  of  w^ter. 
or, 

_  Density  of  the  substance 
sp-  gr  =      Density  of  water 
The  same  formulas  are  used  to  find  the 
specific  gravity  of  gases  by  substituting  air 
or  hydrogen  for  water. 

The  specific  grtivity  of  water  is  1  h^JJ  • 

Tf  a  cubic  foot  of  a  certain  liquid  weighs  6&.64, 

(68  64\ 
§24)  •  Thus» 

the  specific  gravity  of  the  liquid  is  the  ratio 
of  its  density  to  the  density  of  water.-  If  the  < 
specific  gravity  of  a  liquid  or  solid  is  known, 
the  density  of  the  liquid  or  solid  may  be  ob- 
tained by  multiplying  its  specific  gravity  by 
the  density  of  water.  For  .example,  if  a  cer- 
tain .hydraulic,  liquid  has  a  specific  gravity 
of  -0.8,  1  cujfttf  foot  of  the  liquid  weighs  0.8 
times  as  muchs  as  a  cubic  foot  of  water- 
62.4  times  0.8  c£$t49.92  pounds.  In  the  metric 
system,  1  cubic  centimeter  bf  a  substance 
with  a  specific  gravity  of  0.8  weighs  1  times 
0.8  or  0.8  grams.  (Note  that  in  the  metric 
system  the  specific   gravity  of  a  liquid  or 


solid  has  the  same  numeric^  value  as  its 
density,  because  water  weighs  1  gram  per 
cubic  centimeter.  Since'  air  weighs  1.293 
grjams  per  liter,  ti>e  specific  gravity  of  gases 
does  not  equal  the  ifletric  densities.) 

Specific  grajtty  and  density  are  independ- 
ent of  the  sizepf  the  example  under  consid- 
eration and  depend  only  upon  the  substance 
of  w&ch  it  is  made.  See  table  2-1  for  typ- 
ical values  of  specific  gravity  for  various 
substances. 

A  device  called  a  hydrometer  is  used  for 
measuring  specific  gravity  of  liquids.  This' 
device  consists  of  a  tubular  shaped  glass  float 
which  is  contained  within  a  larger  glass  tube. 
(See  fig.  2-1.)  The  larger  glass  tube  provides 
the  container  for  the  liquid.  There  is  a  small 
opening  at  one  end  of  the  container  and  the 
other  end  is  fitted  with  a  rubber  suction  bulb. 
This  provides  a  means  of  filling  or  partially 
filling  the  container  with  the  liquid.  There 
must  be  enough  liquid  in  the  container  to  raise 
the  float  and  prevent  it  from  touching  the  bot- 
tom. The  float  is  weighted  and  has  a  ver- 
tically graduated  scale.  To  determine  the 
specific  gravity;  the  scale  is  read  at  the  sur- 
face of  the  liquid  in  which  the  float  is  immersed. 
An  indication,  of  1000  is  read  when  the  float , 
is*  immersed  in  pure  water.  When  immersed 
in  a  liquid  of  greater  density  the  float  rises, 
indicating  a  greater  specific  gravity.  For  liq- 
uids of  lesser  density  than  water,  the  float 
sinks,  indicating  a  lower  specific  gravity.  , 

An  example  of  the  use  of  the  hydrometer 
is  to  determine  the  specific  gravity  of  the  elec- 
trolyte (batteryliquid)  in  an  automobile  battery. 
When  the  battery  is  discharged,  the  calibrated 
float  immersed  in  the  electrolyte  will  indicate 
1150.  The  indication  of  a  fully  charged  battery 
is  1270. 


BUOYANCY 

A  body  submerged  in  a  liquid  or  a  gas 
weighs  less  than  when  'weighed  in  free  space. 
This  is  due  to  the  upward'  force  that  thfr  fluid 
exerts  on  the  submerged  body.  An  object 
will  float  if  this  upward  force  of  the  fluid 
is  greater  than  the  weight  of  the  object.  Ob- 
jects denser  than  the  fluid,  even  though  they 
sink  readily,  appear  to  lose  a  part  of  their 
weight  when  submerged.     Ay  individual  can 
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Table  2-1. -Typical  Values  of  specific  gravity 


- 

Solids 

(Room  temperatures) 

- 

sp 
gr 

Gases 

(Air  standard j±  0°C 
and  78.0  centimeters 
of  mercury) 

.  sp 
g? 

Aluminum 

2.7 

Alcohol,  ethyl 

0.789 

Air 

1.000 

Bronze 

f 

8\8 

Gasoline , 

0.88- 
0.72 

Hydrogen 

0.0895 

Copper 

8.9 

Oil  (paraffin) 

0.8 

Nitrogen 

0.987 

Ice 

0.917 

Water  , 

1.00 

Oxygen 

1.105 

< 

lift  a  larger  weight  under  water  than  he  can 
possibly  lift  in  the  atmosphere.  The  upward 
force  which  any  -  fluid  exerts  upon  a  body 
placed  in  it  is  called  buoyant  force. 

The  following  experiment  is  illustrated  in 
figure  2^2.  The  overflow  can  is  filled  up 
to  the  spout  with  water.  The  heavy  metal 
cylinder  .is  first  weighed  in  still  air  and  then 
is  weighed  while  completely  submerged  in  the 
water.  The  difference  between  the  two  weights 
is  the  buoyant  force  of  the  water.  As  the 
cylinder  is  lowered  into  the  overflow  can, 
the  water  is  caught  in  the  catch  bucket.  The 
volume  of  water  which  overflows  equals  the 
volume  of  the  cylinder,*  (The  volume  of  ir- 
regular shaped  objects  may  be  measured  by 
this  method^)  If  this  experiment  is  performed 
carefully,  the  weight  of  the  water  displaced 
by  the  metal  cylinder  exactly  equals  the  buoy^ 
"  ant  force  of  the  water. 

Experiments  similar  tothis  were  performed 
by  Archimedes  (287-212  B.C.).  As  a  'result 
of  his  experiments  he  discovered  that  the  buoy- 
ant force  which  a  fluid  exerts  upon  a  sub- 
merged body  is  equal  to  tlie  weight  of  the 
fluid  the  body  displaces.  This  statement  is 
referred  to  as  Archimedes'  principle.  This 
principle  applies  to  ail  fluids,  gases  as  well 
&s  liquids.  Just  as  water  exerts  a  buoyant 
force  on  submerged  objects,  air  exerts  a  buoy- 
ant force  on  objects  submerged  in  it. 
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TEMPERATURE 

As  indicated*  previously,  temperature  is  a 
dominant  factor  affectiiig  the  physical  proper- 
ties of  fluids.  t  It  is  of  particular  concern 
when  calculating  changes  in  the  state  of  gases. 

The  three  temperature  scales  used  exten- 
sively are'  the  Celsius  (C),  the  Fahrenheit 
(F),  and  the  absolute  or  Kelvin  (K)  scales, 
The  Celsius  scale  (the  centigrade  scale  has 
been  renamed  the  Celsius  scale  in  recognition 
of  Anders  Celsius,  the  Swedish  astronomer 
who  devised  the  scale)  is  constructed  by  using 
the  freezing  point  and  aboiling  points  of  water, 
under  standard  conditions,  as  fixed  points  of 
zero  and  100,.  respectively,  with  100  equal 
divisions  between.  The  Fahrenheit  scale  uses 
32°  as  the  freezing  point  of  water  and  212° 
as  the  boiling  point,  and  has  180  equal  di- 
visions between.  The  absolute  or  Kelvin  scale 
.is  constructed  with  its  zero  point  established 
as  273°  C,  or  459.4°  F.  The  relations  of  the 
other  fixed  points  of  the  scale  are  shown  in 
figure  2-3. 

Absolute  zero,  one  of  the  fundamental  con- 
stants of  physics,  is  commonly  used*  in  the 
study"  of  gases.  It  is  usually  expressed  in 
terms  of  the  Celsius  scale.  If  the  heat  en- 
ergy of  a  given  gas  sample  could  be  pro- 
gressively reduced,  some  temperature  should 
be    reached   at   which  the   motion   of  the 
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Figure  2-1.— A  hydrometer. 
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Figure  2-2.— Measurement  of  buoyant  force. 

molecules  would  cease  entirely.  If  accurately 
determined,  this  temperature  could  then  be 
taken  as  a  natural  reference,  or  as  a  true 
"absolute  zero"  value. 

Experiments  with  hydrogen  indicated  that 
if  a  gas  were  cooled  to  -273.16°  C  (used  as 
-273°  for  most  calculations),  all  molecular 
motion  would  cease  and  no  additional  heat 
could  be  extracted  from  the  substance.  Since 
this  ,  is  the  coldest  temperature  to  which  an 
ideal  gas  can  be  cooled,  it  is  considered  as 
absolute  zero.  When  temperatures  are  meas- 
ured with  respect  to  the  absolute  zero  ref- 
erence, they  are  expressed  as  zero  on  the  ab- 
solute or  Kelvin  scale.  Thus,  absolute  zero 
may  be  expressed  as  0°  K,  as  -273°  C,  or 
as  -459.4°  F  (-460°  F  for  most  calculations). 

Personnel  working  with  temperatures  must 
always  make  sure  which  system  of  measure- 
ment is  being  used  and  how  to  convert  from 
one  to  another.  The  conversion  formulas  are 
shown  in  figure  2-3.  For  purposes  of  cal- 
culations, the  Bankine  scale  illustrated  in  fig- 
ure 2-4  is  commonly  used  to  convert  Fahr- 
enheit to(  absolute.  For  Fahrenheit  readings 
above   zero,  460°-  is  added.'    Thus,  72°  F 
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Sparison  of  Fahrenheit,  Celsius,  and  Kelvin  temperature. 


equals  460°  plus  72°  or  532°  absolute.  If, 
the  Fahrenheit  reading  is  below  zero,  it  is 
substracted  from  460°.  Thus,  -40°  F  equals 
460°  minus  40°  or  420°  absolute.  It  should 
be  pointed  out  that  the  Rankine  scale  does 
not  indicate  absolute  temperature  readings  in 
accordance  with  the.  Kelvin  scale,  but  these 


conversions  may  be  used  for  the  calculations 
of  changes  in  the  state  of  gases. 

The  Kelvin  and  Celsius  scales  are  used 
more  extensively  in  scientific  work  and,  there- 
fore, some  technical  manuals  may  use  these 
scales  in  giving  directions  and  operating  in- 
structions. .  The  Fahrenheit  scale  is  commonly 
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Figure  2-4.— Fahrenheit  and  absolute 
temperature  compared  (Rankine  scale). 

used  in  the  United  States  and  most  people 
are  familiar  with  it.  Therefore,  the  Fahren- 
heit scale  is  used  in  most  areas  of  this  manual. 


PRESSURE 


The  term  pressure,  as  used  throughout  this 
manual,  is  defined  as  a  force  per  unit  volume. 
It  is  further  defined  xin  relation  to  other  fac- 
tors later  in  this  chapter.  Pressure  is  usually 
measured  in  pounds  per  square  inch  (psi). 
Sometimes  pressure  is  measured  in  inches 
of  mercury,  or  foi  very  low  pressure,  inches 
of  water. 

Pressure  may  be  exerted  in  one  direction, 
several  directions,  or  in- all  directions.  (See 
fig.  2-5.)  The  ice' (a  solid)  exerts  pressure 
downward  only.  Water  (a  liquid)  exerts  pres- 
sure on  all  surfaces  with  which,  it  comes  in 
contact.  Gas  exerts  pressure  in  all  directions. 


FP.5 


Figure  2-5.— Exertion  of  pressure. 


Gas  exerts  pressure  on  all  sides  because  it 
completely  fills  the  container. 

Atmospheric  Pressure 

The  atmosphere  is  the  whole  mass  of  air 
surrounding  the  earth.  WJiile  it  extends  upward 
for  about  500  miles,  the  section'  of  primary 
interest  is  that  portion  of  the  air  which  rests 
on  the  earth's  surface  and  extends  upward 
for  about  7  1/2  miles. This  layer  is  called 
the  troposphere.  The  higher  one  ascends  in 
the  troposphere,  the  lower  the  pressure.  This 
is  because  air  has  weight.  If  a  column  of  air 
1-inch  square  extending  all  the  way. to  the, 
"top"  of  the  atmosphere  could  be  weighed, 
this  column  of,  air  would  weigh  approximately 
14.7  pounds  at  sea  level.  Thus,  atmospheric 
pressure  at  sea  level  is  approximately.  14.7 
pounds  per  square  inch  (psi),    (See  fig.  '2-6.) 


16,400  FT  ABOVE  SEA  LEVEL 
PRESSURE  =  7.7  PSIA 
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Figure  2-6. -Atmospheric  pressure. 
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As  one  ascends,  the  atmospheric  pressure 
decreases  approximately  1.0  psi  for  every  2,343 
feet*  However,  below  sea  level,  in  excavations 
and  depressions,  atmospheric  pressure  increas- 
es* Pressures. under  water  differ  from  those 
under  air  only  because  the  weight  of  the  water 
must  be  added  to  the  pressure  of.  the  air. 

Atmospheric  pressure  can  be  measured  by 
any  of  several  methods.  The  common  labora- 
tory method  employs  the  mercury  column  ba- 
rometer. A  mercury  column  consists  of  a  glass 
tube  approximately  34  inches  in  length,  sealed 
at  one  end,  then  completely  filled  with  mercury, 
and  inverted  in  an  open  container  partially 
filled  with  mercury.  (See  fig.  2-7.) 

The  mercury  in  the  tube  settles  down,  leav- 
ing an  evacuated  space  in  the  upper  end  of 
the  tube.  The  height  of  the  mercury  column 
serves  as  an  indicator  of  atmospheric  pres- 
sure. At  sea  level  and  at  a  temperature  of 
0°  C,  the  height  of  the  mercury  column  is 
approximately  30  inches  or  76  centimeters. 
This  represents  a  pressure  of  approximately 
14.7  psi,  ~The  30-inch  column  is  used  as 
a  reference  standard. 

At  higher  levels,  the  atmospheric  pressure 
on  the  surface  of  the  mercury  in  the  open 
container  is  less  than  at  sea  level;  hence, 
the  column  *of  mercury  in  the  tube  settles 
lower.  These  variations  in  the  height  of  the 
mercury  column  represent  changes  in  the  at- 
mospheric pressure  which  may  be  calibrated 
in  terms  of  altitude  with  reference  to  sea 
level. 

Another  device  used  to  measure  atmos- 
pheric pressure  is  the.  aneroid  barometer.  (See 
fig.  2-8.)  The  term  "aneroid"  means  without 
fluid.  The  aneroid  barometer,  then,  is  a  fluid- 
less  barometer,  utilizing  the  change  in  shape 
of  an  evacuated  m^tal  cell  to  measure  var- 
iations in  atmospheric  pressure. 

The  aneroid  barometer  gets  its  name  from 
the  pressure-sensitive  element  used  in  the  in- 
strument. An  aneroid  i?  a  thin-walled  metal 
capsule  or  cell,  sometimes  called  a  diaphragm, 
that  has  been  either  partially  or  completely 
evacuated  of  air.  This  thin  metal  moves  in 
or  out  with  the  variation  of  pressure  on  its 
external  surface.  This  movement  is  trans- 
mitted through  a  system  of  levers  to  a  pointer, 
which  indicates  the  pressure. 

The  atmospheric  pressure  does  not  vary' 
uniformly   with   altitude*      It  changes  more 
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Figure  2-7.— Measurement  of  atmospheric 
pressure— mercujry  barometer. 


rapidly  at  lower  altitudes  because  of  the  com- 
pressibility of  the  air,  ^  which  causes  the  air 
layers  close  to  the  earth's  surface  to  be  com- 
pressed by  the  air  masses  above  them.  This 
effect,  however,  is  partially  counteracted  by 
contraction  of  the  upper  layers  due  to  cooling. 
The  cooling  tends  to  increase  the  density  of 
the  air. 

Atmospheric  pressures  are  quite  large,  but 
in  most  instances  practically  the  same  pressure 
is  present  on  all  sides  of  objects  so  that 
no  single  surface  is  subjected  to  a  great  load. 


12 


G34 


Chapter  2- PHYSICS  OF  FLUES 


POINTER 


COUNTERWEIGHT 


ANEROID  CELL 


FP.8 


Figure  2-8.— Simple  diagram  of  the 
aneroid  barometer. 


The  effects  of  atmospheric  pressure  on  fluids 
is  covered  later  in  this  chapter.  - 

Absolute  Pressure 

As  stated  previously,  absolute  temperature 
is  used  in  the  calculation  of  changes  in  the 
state  of  gas.  It  is  also  necessary  to  use  ab- 
solute pressure  for  these  and  other  calculations. 

Absolute  pressure  is  measured  from  ab- 
solute zero  pressure  rather  than  from  normal 
or  atmospheric  pressure- (approximately  14.7 
psi).  Gage  pressure  is  used  on  all  ordinary 
gages,  and  indicates  pressure  in  excess  of 
atmospheric.  Therefore,  absolute  pressure  is 
equal  to  atmospheric  pressure  plus  gage  pres- 
sure. For  example,  100  psi  gage  pressure 
(psig— meaning  pounds  per  square  inch  gage) 
equals  100  psi  plus  14.7  iJsi  or  114.7  psi  ab- 
solute pressure  Cpsia— meaning  pounds  per. 
square  inch  absolute). 


INCOMPRESSIBILITY  AND 
EXPANSION  OF  LIQUIDS 

Liquids  can  be  only  slightly  compressed; 
that  is,  the  reduction  of- the  volume  which  the^ 
occupy,  even  uhder  extreme  pressure,  is  very 
smalL  If  a  pressure  of  100  psi  is  applied  to 
a  body  of  water,  the  volume  will  decrease  only 
3/10,000  of  its  original  volume.  It  would  take 
a  force  of  32  tons  to  reduce  its  volume  10  per- 
cent. When  this  force  is  reBbved,  the  water 
immediately  returns  *  to  its  original  volume. 
Since  other  liquids  behave  in  about  the  same 
manner  as  water,  liquids  are  usually  considered 
incompressible.  , 

NOTE:.  In  some  applications  of  hydraulics 
where  extrejnely  close  tolerances  are  required, 
the  compressibility  of  liquids  must  be  consid- 
ered in  the  design  of  th$  system.  In  this  man- 
ual, however,  liquids  are  considered  to  be  in- 
compressible. 

Almost  all  forms  of  matter  expand  when 
heated.  '  this  action  is  normally  referred  to 
as  thermal  expansion.  The  amount  of  expansion 
varies  with  the  substance.  In  general,  liquids 
expand  much  more  than  solids.  For  example, 
when  a  liter  (1;000  cubic  centimeters)  of  water 
is  heated  from  0°  to  100°  C,  it  increases 
approximately  43  cubic  centimeters  in  volume; 
whereas  a  block  of  steel  of  the  same  volume 
would  expand  only  3  cubic  centimeters.  All 
liquids  do  not  expand  the  same  ^mount  for  a 
certain  increase  of  temperature.  If  two  flasks 
are  placed  in  a  heated  vessel,  and  if  one  of  these 
flasks  is  filled  with  water  and  the  otiier  with 
alcohol  it  will  be  found  that  the  alcohol  expands 
much  more  than  the  water  for  the  same  rise  in 
temperature.  Most  oils  expand  more  than  water. 
Hydraulic  systems  contain  provisions  for  com- 
pensating for  this  increase  of  volume  in  order 
to  prevent  breakage  of  the  equipment. 

COMPRESSIBILITY  AND 
EXPANSION  OF  GASES  - 

As  mentioned'  previously,  two  of  the  major 
differences  between  liquids  and  gases  are  in 
respect  to  compressibility  and  expansion.  While 
liquids  are  practically,  incompressible,  gases 
are  highly  compressible.  Gases  tend  to  com- 
pletely fill  any  container,  while  liquids  fill  a 
container  only  to  the  extent  of  their  normal 
volume. 
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Although  both  liquids  and  gases  expand  when 
heated,  gases  expand  much  more  than  liquids 
(approximately  nine  times  as  much  as  water). 
Unlike  liquids,  all  gases  expand  approximately 
the  same.  Because  of  these  characteristics, 
there  are  several  laws  concerning  the  com- 
pressibility and  expansion  of  gases*.  These 
laws  are  discussed  in  the  following  paragraphs. 

Kinetic  Theory  of  Gases 

r 

The  simple  structure  of  gases  make  them 
readily  adaptable  to  mathematical  analysis  from 
which  has  evolved  a  detailed  theory  of  gases. 
This  is  called  the  kinetic  theory  of  gases. 
The  theory  assumes  that  a  body  of  gas  is 
composed  of  identical  molecules  (see  glossary) 
which  behave  like  minute  elastic  spheres,  spaced 
relatively  far  apart  and  continuously  in  motion. 

The  degree  of  molecular  motion  is  dependent 
upon  the  temperature  of  the  gas.  Since  the 
molecules  are  continuously  striking  against  each 
other  and  against  the  walls  of  the  container, 
an  increase  in  temperature  with  the  resulting 
increase  in  molecular  motion '  causes  a  cor- 
responding increase  in  the  number  of  collisions 
between  the  molecules.  The  increased  number 
of  collisions  results  in  an  increase  in  pressure, 
because  a  greater  number  of  molecules  strike 
against  the  walls  of  the  container  in  a  given 
unit  of  time. 

If  the  container  were  an  open  vessel,  the 
gas  would  tend  to  expand  and  overflow  from  j 
the  container.  However,  if  the  container  is 
sealed  and  possesses  elasticity '{such  as  a  rub- 
ber balloon),  the  increased  pressure  causes 
the  container  to  expand. 

For  example,  when  making  a  long,  drive  on 
a  hot  day,  the  pressure  in  the  tires  of  an^u-  ^ 
tomobile  increases  and  a  tire  which  appeared 
to  be  somewhat  "soft"  in  cool  morning  tem- 
perature may  appear  normal  at  a  higher  midday 
tempferature. 

Such  phenomena  as  these  have  been  ex- 
plained and  set  forth  in  the  form  of  laws  per- 
taining to  gases  and  tend  to  support  the  kinetic 
theory. 

At  any  given  instant,  some  molecules  of  a 
gas  are  moving  in  one  diredtiojv  some  are 
moving  in  another  direction;  some  are  traveling 
fast  while  some  are  ttaveling^lpwly;  some  may 
even  be  in  a  state  of  rest.  The  combined  effect 


of  these  varying  velocities,  corresponds  to,, the 
temperature  of  the  gas.  In  any  considerable 
amouht-of  gas,  there  are  so  many  molecules 
present  that  in  accordance  with  the  "laws  of 
probability'1  some  average  velocity  can  be 
found  which,  if  it  were  possessed  by  every 
molecule  in  the  gas,  would  produce  the  same 
effect  at  a  ,  given  temperature  Js  the  total 
of  the  many  varying  velocities. 

Boyle's  Law 

As  previously  stated,  compressibility  is  an 
outstanding  characteristic  of  gases.  The  Eng- 
lish scientist  Robert  Boyle  was  among  the  first 
to  study  this  characteristic,  which  he  called 
the  "springiness  of  air."  By  direct  meas- 
urement, he  discovered  that  when  the  temper- 
ature of  an  enclosed  sample  of  gas  was  kept 
constant  and  the  pressure  doubled,  the  volume 
was  reduced  to  half  the  former  value;  as  the 
applied  pressure  was  decreased,  the  resulting 
volume  increased.  From  these  observations, 
he  concluded  that  foF*a  constant  temperature 
the  product  of  the  volume  and  pressure  of  an 
enclosed  gas  remains  constant.  This  became 
Boyle's  law,  which  is  normally  stated:  "The 
volume  of  an  enclosed  dry  gas  varies  inversely 
with  its  pressure,  provided  the  temperature 
remains  constant."  ' 

This  law  can  be  demonstrated  by  confining 
a  quantity  of  gas  in  a  cylinder  which  has  a 
tightly  fitted  piston.  A  force  is  then  applied 
to  the  piston  so  as  to  compress  the  gas  in 
the  cylinder  to  some  specific  volume.  When 
the  force  applied  to  the  piston  is  doubled, 
the  gas  is  compressed  to  one-half  its  original 
volume,  as  indicated  in  figure  2-9. 

In  equation  form/  this  relationship  may  be 
expressed  either 


or 


V1P1 =  V2P2 
V2  =  P~1 


when  Vi  and  Pi  are  the  original  volume  >and 
pressure,  and  V2  and  P2  are  the  revised  volume 
and  pressure. 

Example  of  Boyle's  law:  4  cubic  feet  of 
nitrogen  are  under  a  pressure  of  100  psi 
(gage).      The  nitrogen  is  allowed  to  expand 
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Figure  2-9. -Gas  compressed  to  half  its 
original  volume  by  a  double  force. 

to  a  volume  of  6  cubic  feet.  What  is  the  new 
gage  pressure?  Remember  to  convert  gage 
pressure  to  absolute  pressure  by  adding  14.7. 

Formula  or  equation: 

Vl  =  V2P2 

Substituting: 

4  x  (100  +  14. 7)  =  6  x  P2 

_      4  x  114.7 
p2=  6 

p  =  76. 47  psi  absolute 
2 

Converting  absolute  pressure  to  gage  pres- 
sure: 

76. 47 
-14."  7 

61,77  psi  gage  pressure-Answer. 


Changes  in  the  pressure  of  a  gas  also  affects 
the  density.  As  the  pressure  increases,  its 
volume  decreases;  however,  there  is  no  change 
in  the- weight  of  the  gas.  Therefore,  the  weight 
per  unit  volume  (density)  increases..  So  it 
follows  that  the  density  of  a  gas  varies  directly 
as  the  pressure,  if  the  temperature  is  constant. 


The  French  scientist  Jacques  Charles  pro-  „ 
vided  much  of  the,  foundationer  the  modern 
kinetic  theory  of  gases.    He  found  that :  all  ■ 
gases  expand  and  contract  in  direct  proportion 
to  the  change  in  the  absolute  temperature, 
provided  the  pressure  is  held  constant.  Ex- 
pressed in  equation  form  this  part  of  the  law  _ 
may  be  expressed 


V1T2 


V2T1 


or 


VT2 

where  Vi  and  V2  refer  to  the  original  and 
final  volumes,  and  Tl  and  T2  indicate  the 
corresponding  absolute  temperatures. 

Since  any  change  in  temperature  of  a  gas 
causes  a  corresponding  change  in  volume,  it 
is  reasonable  to  expect  that  if  a  given  san ip  e 
of  a  gas  were  heated  while  confined  within 
a  given  volume,  the  pressure  should  increase. 
By  actual  experiment,  it  was  found  that  for 
each  1°  C  increase  in  temperature  the  increase 
in  pressure  was  approximately  1/273  of  tne 
pressure  at  0°  C.  Because  of  this  fact  it 
is  normal  practice  to  state  this  relationship 
in  terms  of  absolute-temperature.  In  equation 
form,  this  part  of  the  law  becomes 


P1T2 


P2T1 


or 


v  Ti 

In  words,  this  equation  states  that  with  a  con- 
stant volume,  the  absolute  pressure, of  a  gas 
varies  directly  with  the  absolute  temperature 
Examples  of  Charles' ^   A  cylinder  0f 
gas  under  a  pressure  of  1,600  psig  at  70  F 
is  left  out  in  the  sun  in  the  tropics  and  heats 
,  up  to  a  temperature  of  130°  F.    What  is  the 
new  pressure  within  the  cylinder?  The  pressure 
and  temperature  must  be  converted  to  absolute 
pressure  and  temperature. 
Formula  or  equation: 


L2 
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Ucing  the  Ranldne  system: 

70°  F  =  530°  absolute 
130*  F  =  590°  absolute 


Substituting: 


1,800  +  14.7  530 

p' — =  m 


Then:         P,  ■  <5»°>3  W 
P2  »  2, 020  psia 

»» 

Converting  absolute  pressure  to  gage  pres- 
sure: 

2,020.0 

-14.7  ' 
2,005,3  psig-Answer. 

General  Gas  Law 

The  facts  concerning  gases  discussed  in 
the  preceding  paragraphs  are  summed  up  and 
illustrated  in  figure  2-10.  Boyle's  law  is  ex- 
pressed in  (A)  of  the  figure,  while'  the  effects 
of  temperature  changes  on  pressure  and  vol- 
ume (Charles'  law)  are  illustrated  in  (B) 
and  (C),  respectively. 


TEMfCRATURE 
CONSTANT 


VOLUME 
CONSTANT 


POESSUflC 
CONSTANT 

K  =  Vjl 
T,  T, 


(I) 


Figure  2-10.— The  general  gas  law. 
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By  combinin&Boyle's  law  and  Charles'  law, 
a  single  expression  can  be  derived  which  in- 
cludes all  the  information  contained  in  both. 
It  is  referred  to  as  the  GENERAL  GAS  LAW. 
It  states  that  the  product  of  the  initial  pres- 
sure, initial  volume,  and  new  temperature 
(absolute  scale)  of  an  enclosed  gas  is  equal 
to  the  product  of  the  new  pressure,  new  vol- 
ume, and  initial  temperature.  It  is  a  math- 
ematical statement  whereby  many  gas  problems 
can  be  solved  involving  the  principles  of  Boyle's 
law  and/or  Charles'  law.  The  equation  may 
be  expressed  as 


P1V1T2 


or 


P  V 
Ml 


Wi 


P  V- 
*2V2 


-T2 


NOTE:  The  capital  P  and  T  signify  ab- 
solute pressure  and  temperature,  respectively. 

It  can  be  seen  by  examination  of  figure 
2-10  that  the  three  equations  are  special  cases 
of  the  general  equation.  Thus,  'if  the  temper- 
ature remains  constant,  Ti  equals  T2  and  both 
can  be  eliminated  from  the  general  formula, 
which  then  reduces  to  the  form  shown  in  (A). 
When  the  volume  ^remains  constant,,  Vi  equals 
V2,  thereby  reducing  the  general  equation  to 
the  form  given  in  (B).  Similarly,  Pi  is  equated 
to  P2  for  constant  pressure,  and  the  equation 
then  takes  the  form  given  in'(C).  ^ 

The  general*  gas  law  applies  with  exactness 
only  to  "ideal"  gases  in  which  the  molecules 
are  assumed  to  be  perfectly  elastic.  However, 
it  describes  the  behavior  of  actual  gases  with 
sufficient  accuracy  for  most  practical  purposes. 

Two  examples  of  the  general  equation  follow: 

1.  Two  cubic  feet  of  a  gas  at  75  psig  and 
80°  F  are  compressed  to  a  volume  of  1  cubic 
foot  and  then  heated  to  a  temperature  of  300° 
F.  What  is  the  new  gage  pressure? 

Formula  or  equation: 


P  V 
i  1 


P  V 
^22 

Ai  T2 

Using  the  Rankine  system: 

80°  F  =,,540°  absolute 
300°  F  =  760°  absolute 
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Substituting: 


(75  4  14,7)    (2)  g  P2  (1) 
540  760 


Then: 

179, 4  _  *2 
540  ~  760 

P9    (179,4)  (760) 
 530  

♦         P2  =  252.  5  psia 

Converting  absolute  pressure  to  gage  pres- 
sure: 

252.5 
-14/7 

237.8  psig-Answer. 

2.  Four  cubic  feet  of  a  gas  at  75  psig  and 
80°  F  are  compressed  to  237.8  psig  and  heated 
to  a  temperature  of  300°  F.  What  is  the  vol- 
ume of  the'  gas  resulting  from  these  changes? 

Formula  or  equation: 


P  V 
*1  1 


P  V 
*2V2 


Using  the  Rankine  system: 


80°  F  =  540°  absolute 
300°  F  =  760°  absolute 


Substituting: 

(75  +  14.7)    (4)     (237.8  +  14.7)  ^2 
535  760 

Then: 

(89.  7)  (4)     (252.  5)  V2  f 
540      ~  760 

358. 8*  x  760 
V2  =  540  x  252.  5 

=  2  cubic  teet-Answer. 

Avogadro's  Law 

An  Italian  physicist,  Avogadro,  conceived  the 
theory  that  "at  the  same  temperature  and 


pressure,  equal  volumes  of  different  gases 
contain  equal  numbers  of  molecules."  This 
theory  was  proven  by  experiment  and  found 
to  agree  with  the  kinetic  theory,  so  it  has  come 
to  be  known  as  Avogadro's  Law. 

Dalton's  Law 

If  a  mixture  of  two  or  more  gases  which 
do  not  combine  chemically  is  placed  in  a  con- 
tainer, each  gas  expands  throughout  the  total 
space  and  the  absolute  pressure  of  each  gas 
is  reduced  to  a  lower  value,  called  a  partial 
pressure.  This  reduction  is  in  accordance 
with  Boyle's  law.  The  pressure  of  the  mixture 
of  these  two  gas&s  is  equal  to  the  bum  of  the 
partial  pressures.  This  fact  was  discovered 
by  Dalton,  an  English  physicist,  and  is  set 
forth  as  Dalton's  law.  The  law  states  that 
*<a  mixture  of  several  gases  which  do  not 
react  chemically  exerts  a  pressure  equaj  to 
the  sum  of  the  pressures  wflich  the  several  > 
gases  would  exert  separately  if  each  -were 
allowed  to  occupy  the  entire  space  alone  at 
the  given  temperature." 


TRANSMISSION  OF  FORCES 
THROUGH  FLUIDS 

When  the  end  of  a  solid  bar  is  struck,  the 
main  force  of  the  blow  is  carried  straight 
through  the  bar  to  the  other  end.  (See  fig. 
2-11  (A).)  This  happens  because,  the  bar  is 
rigid.  The  direction  of  the  blow  almost  en- 
tirely determines  the  direction  of  the  trans-' 
mitted  force.  The  more  rigid  the  bar,  the 
less  force  is  lost  inside  the  bar  or  transmitted 
outward  at  right  angles  to  the  direction  of  the 
blow. 

When  a  force  is  applied  to  the  end  of  a 
column  of  confined  liquid  (fig.  2-11  (B)),  it  is 
transmitted  straight  through  to  the  other  end 
and  also  equally  and  undiminished  in  every 
direction  throughout  the  column— forward,  back- 
ward, and  sideways— so  that  the  containing  ves- 
sel is  literally  filled  with  pressure. 

If  a  gas  \e  used  instead  of  a  liquid,  the 
force  is  transmitted  in  the  same  manner. 
The  one  difference  is  that  gas,  being  highly 
compressible,  provides  a  much  less  rigid  force 
than  the  liquid,  which  is  practically  incompress- 
ible. (This  is  the  main  difference  in  the  action 
of  liquids  and  gases  in  fluid  power  systems.) 
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Figure  2- 11.— Transmission  of  force: 
(A)  Solid;  (B)  fluid. 


An  example  of  this  distribution  of  fofte 
is  illustrated  in  figure  2-12.  The  flat  hose 
takes  on  a  circular  cross  section  when  it  is 
filled  with  water' under  pressure.  The  outward 
push  of  the  water  is  equal  in  every  direction. 
The  automobile  tire  and  the  toy  balloon  are 
examples  of  this  distribution  of  force  through 
the  use  of  gases. 


PASCAL'S  LAW 


V 


As  related  in  chapter  1,  the  foundations  of 
modern  hydraulics,  and  pneumatics,  were  estab- 
lished in  1653  when  Pascal  discovered  that  pres- 
sure set  up  in  a  fjuid  acts  equally  in  all  direc- 
tions. This  pressure  acts  at  right  angles  to 
the  containing  surfaces.  Thus  in  figure  2-13, 
if  the  liquid  standing  on  a  Square  inch  (A)  at 
the  bottom  of  the  container- weighs  8  pounds 
(disregarding  the  atmospheric  pressure  acting 
on  the  surface  of  the  liquid),  a  pressure  of  8 
psig  is  exerted  in  every  direction  at  (A).  The 


FP.12 


Figure  2-12. —Distribution  of  force." 


liquid  resting  on  (A)  pushes  equally  downward 
and  outward.  The  liquid  oh  every  square  inch* 
of  the  bottom  surface  is  pushing  downward 
and  outward  in  the  same  way?  so  that  the  pres- 
sures on  different  areas  are  in  balance. 

At  the  edge  of  the  Jbottom  the  pressures 
act  against  the  walls  of  the  container,  which' 
must  be  strong  enough  to  resist  them  with 
a  force  exactly  equal  to  the  force  of  the 
liquid.  Every  square  inch  of  the  bottom  of 
the  container  must  also  be  strong  enough  to 
resist  the  downward  pressure  of  the  liquid 
resting  on  it.    The  same  balance  of  pressures 


Figure  2-13. 


8  PSIG 


•  .  FP.13 
-Pressure  acting  on  a  container. 
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exists  at  every  other  level  in  the  container, 
though  of  lesser  pressures  as  one  approaches 
the  surface.  Therefore,  the^liquid  remains 
at  rest-it  does  not  leak  out  and  the  container 
does  not  collapse,  The  pressure  of  the  liquid 
decreases  as  one  approaches  the  surface  be- 
cause the  volume  of- liquid  and,  therefore,  the 
weight  above  each  square, inch  decreases.  This 
is  similar  to  the  decrease  in  atmospheric  pres- 
sure with  increase  in  altitude,  as  discussed 
previously. 

One  of  the  consequences  of  Pascal's  law 
is  that  the  shape  of  the  container  in  no  way 
alters  pressure  relations.  Thus  in  figure  2-14, 
if  the  pressure  due  to  the  weight  of  the  liquid 
at  one  point  on  the  horizontal  line  (H)  is  8 
psi,  the  pressure  is  8  psi  everywhenyit  level 
(H)  in  the  system.  *  W 

Pressure  due  to  the  weight  of  a  fluid  de- 
pends, .  at  any>  level,  upon  the  Vertical  height 
of  the  *  fluid  from  the  level  to  the  surface  of 
the  fluid.  The  vertiQal  distance  between  two 
horizontal  levels  in  a  fluid  is  known  as  the 
head  of  the  fluid.  In  figure  ?-14,  the  liquid 
head  of  all  points  on  the  level  (H)  with  respect 
to  the  surface  is  indicated. 

Pressure  due  to  fltri£  head  also  depends 
upon  the  density  of  the  rfuid.  WatefTfor  exam- 


ple, weighs  62.4  pounds  per  cubic  foot  o& 
fc036  pound  per  cubic  inch,  while. certain  oil 
might  weigh  55  .pounds  per  cubic  foot,  or 
0.032  pound  per  cubic  inch.  It  would  take 
222  inches  of  head,  using  water  to  produce 
a  pressure  of  8  psi  and  252  inches  yeflng  oilv 
(See4  fig.  2-15.) 

N  This  fl^id  head,  which  is  sometimes  re- 
ferred to  as  gravity  head  or  altitude  head, 
also  applies  to  gases.  As  discussed  previously, 
atmospheric  pressure  at  any  given  altitude  is 
the  result  of  the  weight  of  the  air  above  that 
altitude.  1n  this  case,  however,  several  miles 
of  vertical  height  are  required  toproduce  ap- ' 
proximately  14.7  psi  at  sfca  level.  Therefore, 
when  considering  a  cubic  foot  of  gas,  the 
gravity  head  is  negligible.  For  example,  a 
cubic  foot  of  compressed  air  (100  psi)  at  70. 
F  produces  a  gravity  head  which  is  les|  than 
1  percent  of  that  produced  by  a  cubic  foot 
of  water. 

FORCE  AND  PRESSURE 

The  tetms  force  and  pressure  are  used 
frequently  in  tHS^M^geding  paragraphs.  'In 
order  to  understand  howPascatfs  law  is  applied 
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Figure  2-14. -Pressure  relationship  with  sliape.. 
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Figure  2-15.— Pressure  and  density 
relationship.  \ 

•  '  *  V 

to  fluid  power,  a  distinction  must  be  ijfee 
between  these  terms.  '  Force  may  be  defined 
as  a  pu&h  or  pull.  *  It  is  the  push  or  pull 
exerted  against  the  total  area  of  a  particular 
surface  and  is  expressed  in  pounds.  As  pre- 
viously, stated,  pressure  is  the  amount  of  force 
on  a_  unit  area  of  the  surface  acted  upon. 
In  hydraulics  and  pneumatics,  this  unit  area 
is*  expressed  in.  pounds  per  square  inch.  Thus 
pressure  is  the  amount  of*  force  acting  upon 
1  square  inch  of  area. 


Computing  Force, 
Pressure,  and  Area 

A  formula,  similar  to  those  used  in  con- 
junction with  the  gfts  laws,  is  used  in  com- 
puting force,  pressure,  and  area  in  fluid  power 
systems.  Although  there  appears  to  be  three 
formulas,  there  is  only  one  formula,  which 
may  be  written  in  three'  variations.  In  this 
formula^  P  refers  yto  pressure,  F  indicates 
force,  and  A  represents  area. 


F=PxA 

Pressure  equals  force  divided  by  the  area.v 
By  rearranging  the  formula,  this  statement 
may  be  condensed  into 

-  p.X 

A 

Since  area  equals  force  divided  by  pressure, 
the  formula  is  written^ 

A-  =  ^ 
.  P 

Figure  2-16  illustrates  a  device  for  re- 
calling the  different  variations  of  this  formula. 
Any^  letter  in  the  triangle  may  be  expressed 
as  'the  product  or  quotient  m  of  the  other  two, 
depending  tfpon  its  position  within  the  triangle. 

For  example,,  to  find  area,*  consider  the 
letter  A  as  be^rtg  set  off  to  itself,  followed 
by  an  equal  sign.  Now  look  at  the  Other  two 
letters.  The  letter,  F  4s  above?*the  letter  P; 
therefore,  J~ 
A 


p 


*   ,  In  order  \o  find  pressure,  consider  the  let- 
ter P  as  being  set  off  to  itself,  and  look  at 
the  other  two  letters.  The  letter  F  is  above 
the  letter  A;*therefore, 

P=- 


A 


Force  equals 
the  formula  is  writ 


assure  times  area.  *  Thus, 


Likewise,  to  find  force,  consider  the  letter . 
F  as  being  set  off  to  itself.  The  letters  P  and 
A   are  side  by  side;,  therefore,  F  =  P  x  A. 

NOTE:  Sometimes  the  area  may  not  be 
expressed  in  square  inches.  If  it  is  a  rec- 
tangular surface,  the  area  may  be  found  by 
multiplying  the  length  (in  inches)  by  the  width 
(in  inches).  The  majority  of  areas  to  be  con- 
sidered in  these  calculations  are  circular  in 
shape.  Either  the  radius  or  the' diameter  may 
be  given.  The  radius  in  inches  must  be  known 
to  find  the  area.  ■  The  radius  is  ^one-half  the 
diameter.  Then,  the  formula  for  finding  the 
area  of  a  circle  is  used.     This  is  written 
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Figure  2-16.— Device  for  determining  the 
arrangement  of  the  force,  pressure, 
and  area  formula. 


A**r2,  where,  A  is  the  area,  iris  3.1416 
(3.14  or  3  1/7  for  most  calculations),  and 
r2  indicates  the  radius  squared. 


PRESSURE  AND  FORCE  IN 
FLUID  POWER  SYSTEMS 

in  accordance  with  Pascal's  law,  any  force 
applied  to '  ?l  confined  fluid  is  transmitted  in 
all  directions*  throughout  the  fluid  regardless 
of  the  shape  of  the  container.  Consider  the 
effect  of  this  in  the  system  shown  in  figure 
2-17.  This  is  in  reality  a  modification  of 
figure  2-11  (B)  in  which  the  column  of  fluid 
is  curved  back  upward  to  its  original  level, 
with  a  second  piston  at  this  point.    If  there 


Is,  a  resistance  on  the  output  piston  (2)  and 
the  input  piston  is  pushed  downward,  a  pres- 
sure is  created  through  the  fluid,  which  acts 
equally  at  right  angles  to  surfaces  in  all  parts 
of  the  container. 

Referring  to'  figure  2-17,  if  the  force  (1) 
is  100  poun^gndjhe  area  of  the  input  piston 

(1)  is  10  stju&e  Ihches,  then  the  pressure 

in  the  fluid  is  10  psi  (NOTE:  It  must 

be  emphasized  that  this  fluid  pressure  can- 
not be  created  Without  resistance  to  flow, 
which,  in  this  case,  is  provided  by  the  100 
ppund  force  acting  against  the  top  of  the  out- 
putp\ston  (2).)   This  pressure  acts  on  piston 

(2)  ,  so  that  for  each  square  inch  of  its  area 
it  is  pushed  upward  with  a  force  of  10  pounds, 
In  this  case,** a  fluid  column  of  uniform  cross 
section  is  considered  so  that  the  area, of  ,th^; 
output  piston  (2)  is  the  ,same  as  the  input 
piston  (1),,  or  10  square  inches.  Therefore, 
the1  upward  force  on  the  output  piston  (2)  is 
100  pounds,  the  same  as  was  applied  to  the 
input  piston  (1).  All  that  has  been  accomplished 
in  this  system  was  to  transmit  the  100-pound 
force  around  a  bend.  However,  this  principle 
underlies  practically  all  mechanical  applications 
of  fluid  power.,  t 

At  JJiis  point  it  should  be  noted  that  since  ^ 
Pascal's  law  is  indepeiRtenr15rTIie  shape  of 
the  container,  it  is  not  necessary  that  the  tub? 
connecting  the  two  pistons  should  be  the  full 
area  of  the  pistons.  A  connectipn  of  any  size; 
shape,  or  length  will  dd,  '  so  long  as  an  un- 
obstructed passage  is  provided.  Therefore, 


FORCE  2  -  100  IAS. 
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Figure  2-17.— Force  transmitted  through  fluid. 
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Figure  2-18. -^-Transmitting  force  through  smal^pipe. 
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the  system  shown  in  figure  2-18,  wherein  a 
relatively  small,  bent  pipe  .connects  two  cyl- 
inders, will  act  exactly  the  same  as  that  shown 
in  figure  2-17. 

Multiplication  of  Forces 

In  figures  2-17  and  2-18  the  systems 
contain     pistons    of    equal    area  wherein 


FORCE  1 
20  LBS. 

INPUT  OUTPUT 
PISTONO)      PISTON  (2) 
2  SQ.  IN.       20  SQ.  IN. 


•i 


the  output  force  is  equal  to  the  input  force.' 
Consider  the  .  situation  in  figure  2-19,  where 
the  input  piston  is  much  smaller  than  the 
output  piston.  Assume  that  the  area  of  the 
input  piston  (1)  is  *  2  square  inches.  With 
a  .resistant  force  on  piston  (2),  a  dbwnward 
force  of  204pounds  acting  on  fakton  (1)  creates 

10  psi  in  the  fluid.  Although  this  force 


FORCER  - 
200  Las" 


PRESSURE  ■ 


10  LBS.  Pffi  SQ.  INCH 
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Figure  2-19.— Multiplication  of  forces. 
22 


FP.19 


Chapter  2-PHYSICS  OF  FLUIDS 


3' 


is  much  smaller  than  the  applied  force  in  fig- 
ures 2-17  and  2-18,  the  pressure  is  the  same. 
This  is  because  the  force  is  concentrated  on 
a  relatively  small  area. 

This  pressure  of' 10  psi  acts  on  all  parts  „ 
of  the  fluid  container,  including  the  bottom  of 
•«  the  -output  piston  (2).  ■  The  upward  force  on 
the  joutput  piston  (2)  is  therefore  10  pounds 
for  each  of  its  20  square  inches  of  area,  or 
200  pounds  (10  x  20).  In  this  case,  the  original 
force  has  been  multiplied  tenfold  while  using 
the  same  '  pressure  in  the  fluid  as  before. 
In  any  system  with  these  dimensions,  the  ratio 
of  output  force  to  input  force  is  always  ten 
*o  one,  regardless  of  the  applied  force.  For 
example,  if  the  applied  force  of  the  input  piston 
'(1)  is  50  pounds,  the  pressure  in  the. system 
•    is  Increased  to  25  psi.     This  will  support 
a  resistant  force  of  500  pounds, on  the  out- 
^  put  piston  (2), 

"Thr~systenv  works  the  same  in  reverse. 
Consider  piston  (2)  W,th*~input  and  piston 
(IX  as  the  output.  Then  the  output -force  will 
always  be  one-tenth  the  input  force.  Sometimes 
such  results  are  desired. 

Therefore,  if  two  pistons  are  used  in  a  fluid 
power  system',  the  force  acting  on  each  is  di- 
rectly proportional  to  its  area,  and  the  mag- 
nitude of  each  force  is  the  product  of  the  pres- 
sure and  its  area. 

Differential  Areas 

Consider  the  special  situation  shown  in 
figure  2-20.     Here,  a  single  piston  (1)  in  a 
cylinder  (2)  has  a  piston  rod  (3)  attached  to 
one  side  of  the  piston.  The  piston  rod  extends 
out  of  one  end  of  the  cylinder.    Fluid  under 
pressure  is  admitted  to  both  ends  of  the  cyl-  _ 
inder  equally  through  the  pipes  -(4,  5r  and  6). 
The  opposed  faces  of  the  piston  (1)  behave 
like  two  pistons  acting  against  each  other.  The 
area  of  one' face  is  the  full  cross-sectional 
area  of  the  cylinder,  say  6*  square  inches, 
while  the  area  of  the  other  face  is  the  area 
of  the  cylinder  minus  the  area  of  the  pistoft 
rod,  which  is  2  square  inches.    This  leaves 
an  effective  area  of  4  square  inches  on  the 
right  face  of  the  piston.  The  pressure  on  both 
'  '    faces  is  the  same,  in  this  case,  20  psi.  Ap- 
plying the  rule  just  stated,  the  force  pushing 
the  piston  to  the  rjgW  is  its  area  tirqes i  the 
pressure,  or  120  pounds  (20  x  6).  Likewise, 


the  force  pushing  the  piston  to  the  left  is  its 
'  area  times  the  pressure,  or  80  pounds  H20  x 
4)  Therefore,  there  is  a  net  unbalanced  force 
of' 40  pounds  acting  to  the  right,  and  the  piston 
will  move  in  thai'  direction.  The  net  effect 
is  the  same  as  if  the  piston  and  cylinder  were 
just'  the  size  of  th^  piston  rod,  since  aether 
forces  are  in  balance. 

Volume  and  Distance  Factors 

In  the  systems  illustrated  in  figures  2-17 
and  2-18,  the  pistons  have  areas  of  10  square 
inches.    Since  the  areas  of  the  input  and  out- 
put pistons  are  equal,  a  force  of  100  pounds 
on  the  input  piston  will  support  a  resistant 
force  of  100  pounds  on  the  output  piston.  At 
this  point  the  pressure  of  the  fluid  is  10  psi. 
A  slight  force,  in  excess  of  100  pounds,  on 
the  input  piston  will  increase  the  pressure  of 
the  fluid,  which  will,  in  turn,  overcome  the 
resistance  force.   Assume  that  the  input  piston 
is  forced  downward  1  inch.    This  displaces 
10  cubic  inches  of  fluid.  Since  liquid  js  prac- 
tically incompressible^  this  volume  -must  .go 
some  place!"  In  the  case  of  a  gas,  it  will  cqffl= 
.  press  momentarily,  but  will  eventuaUy  expand 
to  its  original  volume,  at  10  psi.  ,  This  is 
provided;  of  course,  that  the  100  pounds  of 
force  is  still  acting  on  the  input  piston.  Thus, 
this  volume'  of  fluid  moves-  the  -output-pisto^ — 

Since  the  area  of  the  output  piston^s  likewise-  

10  square  inches,  it  moves  1  inch  upward, 
in  order  to  accommodate  the  10  cubic  inches 
of  fluid.  The  pistons  are  of  equal*  areas, 
and  will  therefore  move  equal  distances,  though 
in  opposite  directions.- 


Applying  this  reasoning  to  the  system  in 
figure  2-19,  it  is  obvious  that  if  the  input  pis- 
torr(l)  is  pushed  down  1  inch<-only  2  cubic 
inches  of  fluid  is  displaced.  Iir  order  to  accom- 
modate these  2  cubic  inches  of  fluid  the  output 
piston  (2)  will  have  to  move  only  one-tenth  of 
an  inch,  because  its*  area  is  10  times,, that 
of  the  input  piston  (1).  This  leads  to  the  sec- 
ond basic  rule  for  two  pistons  in  the  same 
fluid  power  system,  which  is  that  the  distances 
'moved  are  inversely  proportional  to  their  areas. 

Effects  of  Atmosphefic  Pressure  ,  *  ^ 

Atmospheric  pressure,  described  previous- 
ly obeys  Pascal's  law  the  same  as  pressure 
set  up  in  fluids.   As  illustrated  in  figure  2-13, 
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1.  Piston*    2.  Cylinder.    3.  Piston  rod.   4.  Pipe.    5.  Pipe.    6.  Pipe 
/  Figure  2-20.— Differential  areas  on  a  piston. 


pressures,  due  to  liquid  head,  are  distributed, 
equally  in  all  directions.  This  is  also  true 
of  atmospheric  pressures.  The  situation  is 
the  same  if  these  pressures  act  on  opposite 
sides  of  any  surfaces,  or  through  fluids.  In 
figure  2-21  (Al  the  suspended  sheet  of  paper 
is  not  torn  by  atmospheric  ^pressure,  as  it 
would  be  by  an  unbalanced  force  of  14.7  psi, 
because  atmospheric  pressure  acts  equally 
on  both  sides  of  the  paper. 

In  figure  2-21  (B),  atmospheric  pressure 
acting  on  the  surface  of  the  liquid  is  trans- 
mitted equally  throughout  the  liquid  to  the  walls 
of  the  container,  but  Is  balanced  by  the  same 
pressure  acting  directly  on  the  outer  ^pUs 
of  the  container.  In  view  (C)  of  figure  2-21, 
atmospheric  pressure  actirig  on  the  surface 
of  one  piston  is  balanced  by  the  same  pressure 
acting  on  the  surface  of  the  other.  The  dif- 
ferent areas-  of  the  two  surfaces  make  no 


difference,  since  for  a  unit  of  area,  pressures 
are  In  balance. 

*  Vacuum  and  Partial  Vacuum  0 

When  an  individual  drinks  soda  through  a 
straw,  he  removes  some- of  the  air  from  the 
straw.  This  disturbs  the  balance  of  pressures 
which  was  prevailing  between  the  liquid  in 
the  glass  and  Jthe  liquid  in  the  straw.  This 
results  In  unbalanced  pressures,  and  atmos- 
pheric pressure  on  the  liquid  In  the  glass 
pushes  the  soda  up  Into  thp  straw  until  a  new 
balance  Is  reached.  The  soda  can  be  held 
at  a  certain  level  In  the^ftraw.  This  level 
will  always  be  where  the  pressure  of  the  head 
of  liquid  exactly  equals  the  difference  between 
the  pressure.  In  the  straw  and  that  on  the' sur- 
face of  the  liquid  in  the  glass.  (See  fig.  2-22.) 
When  the. straw  is  removed  from  the  person's 
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Figure  2-21. -Effects  of  atmospheric  pressure. 
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mouth,  the  soda  in -the  straw  is  subject  ,to 
the  same  pressure  as  that  on  the  surface  of 
the  liquid  in  the  glass.  Tikis  ,  causes  the  liq- 
uid in  the  straw  to  return  t6.its  original- level, 
which  i&rthe  same  as  that  in  the  glass- 

A  partial  vacuum  is  produced  in  the  straw— 
that  is,  a  pressure  less  than  the  prevailing 
atmospheric  pressure.  Th?  theoretical  limit 
of  this  process  would  be  a  condition  of  zero 
pressure-a  complete  vacuum.  In  actual  prac- 
tice, however,  it  is  impossible  to  produce  a 
complete  vacuum. 

This  action  takes  place  in  the  power  supply 


for  fluid  power,  systems.  ^  As  the  pump 


or 

"<*  25 


compressor  moves  the  fluid  into  the  system, 
a  low  pressure  area  (partial  vacuum)  is  de- 
veloped at  the  inlet  port.  This  allows  atmos- 
pheric pressure  to  push  the  fluid  into  the  inlet 
port  of  the  pump  or  compressor.  This  action 
is  discussed  in  greater  detail  in  .chapters  4 
and  8.  ' 


INPUT  AND  OUTPUT  RELATIONS 

As  illustrated  in  figure  2-19,  an  increase- 
in  output  force  is  accompanied  by  a  decrease 
in  the  distance -traveled  in  exactly  the  same 
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Figure  2-22.— Partial  vacuum. 


ratio.  An  in<?reas&  in  force  „can  be  dbtajned 
only  by  a  proportional  decrease  in  distance 
traveled.  This  is  also  true  if  the  system  is 
operated  in  the  reverse  direction— a  distance 
increase  can  be*  obtained,  but  only  at  the  ex- 
pense of_a  force  decrease  in  the  same  ratio. 
This  leads  to  the  basic  statement:*  Neglecting 
friction,  in  any  fluid  power  system  (or  any 
other  mechanical  system  for  that  matter),  Jthe 
input  force  multiplied  by  the  distance  through 
which  it  moves,  is  always  exactly  equal  to 
the*  output  force  multiplied  by  the  distance 
throtigh  which  it  travels. 

Wark  and  Energy 

Work  is  defined  as  a  force  moving  thrbugh 
somfe  distance,  and ,  the  -amount  of  work  done 
is  the  product  of  the  force  multiplied  by  the 
distance  through  which  it  moves.  Therefore, 
when  friction  vis  neglected,  the  work  output  is 
always  equal  to  the  work  inpilt.  Enferfpr  In- 
cludes work  "and,  in  addition/ all  foVml  into 
whiph  work  can  be  converted 'or  which  can  be 
converted  into*  work.  Work  always  involves 
actual  movement,  but  energy  can  be  at  rest 
afid  still  exist  2s  energy,  as  long  as  .  it  is  ca- 
pable of  doing  wfcrk. 

•  Energy,  can  exist  in  many  different  forms, 
but  all  have  one  thing  in  common;  they  are 


all  interchangeable  with  each  other  and  with 
-  work*  Some  of  the  many  fornis  which  energy 
can  take  and  their  interchahgeability  are 
illustrated^' by  a  hydroelectric  plant.  (See 
fig.  2-23.)  ■  Here,  a  body  of  water  is  held 
back  by  a  dam.  In  this  case  tie  water  repre- 
sents potential  energy,  because  it  is  not  doing 
work  at  the  moment,  but  is  capable  of  doing 
work  if  it  is  released.  If  an  qpening  is  pro- 
vided, water  will  rush  out  in  a  high  velocity 
jet  representing  energy  of  motion  or  ^inetic 
/energy.  If  this  jet  is  directed  1  against  the 
^blades  of  a  water  wheel  it  will  push  them  a- 
round,  producing  a  continuous  rotary  motion. 
This  is  work  in  its  true  sense  because  a  force 
is  moving  through  a  distance.  ' 

The  water  wheel  can,  in  turn,  be  connected 
to  an  electric  generator  which  converts  the 
work  into  electricity.  This  electricity  can, 
in  turn,  be  converted  back  into  work  by  the 
use  of  an  electric  motor;  or  it  can  be  con- 
verted into  light  by  the  use  of  an  electric  bulb 
or  into  heat  in  an  electric  iron.  By  means 
of  a  motor  fand  a  pump,  the  energy  can  be 
transformed  ;  back  ,into  its  original  form  of 
potential  eneftgy  existing  as  a  body  of  water, 
at  an  elevation.  Thus,  all  of  these  forms 
of  energy  are  interchangeable  with  each  other. 
In  actual  mechanisms,  there  is  always  some 
loss  in  the  form  of  heat,  which  is  produced 
by  friction,  at  every  exchange.  However,  the 
total  energy,  useful  and  wasted,  will  always 
add  up  to  the  original  input  energy. 

For  simplicity,  friction  wis  disregarded  in 
the  preceding  discussions.  However,  it  is  well 
known  that  there  is  always  some  friction  in 
actual  machines.  "  It  is  also  known  that  heat 
is  produced  whenever  ^work  is  accomplished 
against  friction.  Therefore,  heat  is  a  form 
of  energy  because  it  can  be  produced  from 
tfork.  Likewise,  heat  in  the  form  of  fire 
under  a  boiler  can  be  converted  into  work 
through  the  medium  of  a  steam  engine. 

Friction ,  represents  a  loss  of  efficiency, 
.  but  this  doe$  not  .mean  an  annihilation  p$  ,en- 
,ergy  itself.t  It  means  only  that  some  of  the 
energy  put  into  the  system  hasfbeen  converted 
into  another  form  whifch  is  not  useful  for  tha 
particular  problem  in  hand.  The  energy  .is 
not  usable  or  available,  but  it  still  exists  as 
dissipated  heat. 

/in  agreement  with  this  fapt,  any  work  or 
energy  added  to  the  system  must  in  turn  come 
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Figure  2-23.— Potential  and  kinetic  energy. 


from  somewhere  else,  for  it  is  not-  possible 
to-  create  or  destroy  energy.  All  that  can 
be  accomplished  is  to  change  it  from  one  form 
into  other  forms,  so  as  to  make  it  more  or 
less  applicable  to  the  purposes  at  hand.  In 
the  case  of  a  hydraulic  jack,  since  there  is 
always  soqie  friction  both  within  the  liquid 
antf  between  adjacent  parts,  the  useful  work 
output  witt  not  exactly  equal  the  work  input, 
but  the  difference  will  always  exist  somfewhere 
in  some  other  form  of  energy.  In  this  case, 
it  will  appear  as  heat  which  must  escape  from 
the  system  somewhere  at  sometime.  In  other 
words,  while. ,the  usable  work  output  does  not 
equal  the  input,  the  total  energy  output  in  all 
forms  .will  always  exactly  equal  the  total  energy 
input.  This  is'known  as  the  law  of  the  conser- 
vation of  energy. 

Work  and  Power 

Work  and  energy  are  measured  in  the  same 
units,  the  foot-pound  in  the  English  system  and 


the  gram-centimeter  in  the  metric  system. 
Power  is  the  rate  of  dojng  work.  The  same 
amount  of  work  may  be  accomplished  in  two 
instances  but  less  time  is  used  in  one  case 
than  in  the  other.  More  power  is  required 
where  le^s  time  is  used.  The  unit  for  measuring 
power  in  the  English  system  is  the  horsepower, 
which  is  at  the  rate  of  33,000  foot-pounds  per 
minute  or  550  foot-pounds  per  second.  The 
metric  system  uses  the  centimeter-gram  per 
second  as  its  unit  of  measurement. 


FLUID  FLOW 

In  the  operation  of  fluid  power  systems, 
there  must  be  a  flow  of  fluid.  .  The  amount 
of  flow  will  vary  from  system  to  system.  In 
order  to  understand  fluid  power  systems  in 
action,  it  is  necessary,  to  become  acquainted 
with  some  of  the  elementary  characteristics 
of  fluids  in  motion.  Among  these  are  volume 
and  velocity  of  flow,  steady  and  unsteady  flow, 
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streamline  and  turbulent  flow,  and,  even  more 
important,  tfee  force  and  energy  changes  that 
occur  in  flow  and  the  relations  of  different 
kinds  of  energy  to  each  other  'in  fluid  power 
systems.  These  characteristics  ar?  discussed 
in  the  following  paragraphs.  Additional  infor- 
mation concerning  fluid  flow  as  it  applies  to 
fluidics  is  presented  in  chapter  14. 


VOLUME  AND  VELOCITY  OF  FLOW 

The  quantity  of  fluid  that  passes  a  given 
point  in  a  fluid  power  system  in  a  unit  of  time 
is  referred  to  as  the  volume  of  flow.  Volume 
of  flow  can  be  stated  in  a  number  of  ways; 
for  example,  100  cubic  feet  per  minute,  100 
gallons  per  minute,  10Ct  gallons  per  hour,  etc. 
Gallons  per  minute  is  the  usual  method  of  ex- 
pressing volume  of  flow  in  hydraulic  systems, 
while  cubic  feet  per  minute  is  common  in 
pneumatic  systems.  The  relative  pressure  of 
the  fluid  is  usually  considered  when  expressing 
the  volume  of  flow.  This  is  especially  impor- 
tant when  considering  the  volume  of  flow  of 
gases,  Sjnce  they  are  compressible.  For  ex- 
ample, at  the  same  temperature,  a  cubic  foot 
of  gas  at  100  psi  contains  twice  as  many,  mol- 
ecules as  a  cubic  foot  of  gas  at  50  psi. 

Velocity  of  flow  means  the  rate  or  speei 
at  which  the  fluid  moves  forward  at  a  partic 
ular  point  in  the  system.  It  too  can  be  var- 
iously stated,  but  the  usual  method  is  in 
feet  per  second. 

Volume  and  velocity  of  flow  are  often  con- 
sidered together.     With  other  conditions  un- 


altered—that is,  with  volume  of  input  unchanged— 
the  velocity  of  flow  increases  as  the  cross 
section  or  size  of  the  pipe  decreases,  and  the 
velocity  of  flow  decreases  as  the  cross- 
sectional  area  increases.  In  a  stream,  velocity 
of  flow  is  slow  at  wide  parts  of  the  stream 
and  rapid  at  narrowparts  even  though  the  volume 
of  water  passing  each  part  of  the  stream  is 
the  same.  v  In  figure  2-24,  if  the  cross- 
sectional  area  of  the  pipe  is  16  square  inches 
at  point  (A)  and  4  square  inches  at  point  (B) 
the  velocity  of  flow  at  (B)  is  four  times  the 
velocity  at  (A). 


STEADY  AND  UNSTEADY  FLOW 

A  fluid  may  flow  as  a.#single  continuous 
stream,  or  the  volume  of  flow  may  increase, 
decrease,  or  fluctuate  from  moment  to  moment. 
Such  changes  in  volume  constitute  unsteady 
flow.  ,  For  example,  when  a  faucet  is  first 
opened,  the  initial  flow  is  unsteady  during  the 
short  time  that  the  rate  of  flow  of  the  water 
is  increasing  from  the  initial  zero  rate  to  the 
full  rate  ""of  "flow,  f -The  flow  then  becomes 
steady  and  is  maintained  if  the  pressure 
mairiff  constant -If  Die  ^e^te^cfen^s^Jtoe^ 
*of  flow  once  more  becomes  unsteady  until 
a  new  balance  is  reached. 


STREAMLINE  AND  TURBULENT  FLOW 

* 

At  quite  low  velocities-  o.r  in  tubes  of  small 
diameter,  flow  is  streamline,  meaning  that  a 
given  particle  of  fluid  moves  straight  forward 


16  SQ.  IN. 


1  4  SO.  IN. 


A 

VEL=1 


  i . 

liiiiiiiiisi 


VEL  =  4 


Figure  2-24. -Volume  and  velocity  of  flow. 
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without  crossing  the  paths  followed  by  other  par- 
ticles, and  without  bumping  into  them.  Stream- 
line flow  is  often  referred  to  as  laminar  flow, 
which  is  defined  as  a  flow  situation  in  which 
fluid  moves  in  parallel  lamina  or  layers.  As 
an  example  of  streamline  flow,  consider  fig- 
ure 2-25,  which  illustrates  an  open  stream 
flowing  at  a  slow,  uniform  rate  with  logs  float- 
ing on  its  surface.  The  logs  represent  par- 
ticles of  fluid.  So  long  as  the  stream  flows 
along  at  a  slow,  uniform  rate,  each  log  floats 
downstream  in  its  own  path,  without  crossing 
or  bumping  into  the  other. 


If  the  stream  narrows,  however,  and  the 
volume  of  flow  remains  the  same,  the  velocity 
of  flow  increases.  If  the  velocity  increases, 
sufficiently,  the  water  becomes  turbulent.  (See 
fig.  2-26.)  Swirls,  eddies,  and  cross-motions 
are  set  up  in  the  water.  As  this  happens, 
the  logs  are  thrown  against  each  other  and 
agaipst  the  banks  of  the  stream,  and  the  paths 
followed  by  different  logs  will  cross  and  recross. 

Particles  of  fluid  flowing  in  pipes  act  in 
the  same  manner.  The  flow  is  streamline 
if  the  fluid  flows  slowly  enough,  and  remains 
streamline  at  greater  velocities  if  the  diameter 
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Figure  2-25.— Streamline  flow. 
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Figure  2-26. -Turbulent  flow. 
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of  the  pipe  is  small.  If  the  velocity  of  flow 
or  size  of  pipe  is  increasedsufficiently,  the  flow 
becomes  turbulent. 

On©  effect  of  turbulent  flow  is  illustrated 
in  figlre  2-27,  where  the  length  of  the  hor- 
izontal arrows  indicates  the  refttfive  velocities 
of  flow  at  different  places  in  the  pipe,  from 
the  centw  to  the  edge,  when  the  flowis  stream- 
line an*%rhen  the  flow  is  turbulent.  In  both 
instances  the  rate  of  flow  varies  from  the  cen- 
ter of  the  pipe  to  the  edge,  but  the  streamline 
flow  varies  more  in  velocity  than  turbulent 
flow.  For  streamline  flow,  the  average  velocity 
is  about  one-half  the  maximum  velocity,  while 
for  turbulent  flow  it  is  about  four-fifths.  Veloc- 
ity of  flow  varies  both  vertically  and  horizon- 
tally, or  from  the  center  of  the  pipe  outward. 
In  both  streamline  and  turbulent  flow,  the  fluid 
next  to  the  wall  of  the  pipe  has  no  velocity. 

While  a  high  velocity  of  flow  will  produce 
turbulence  in  any  pipe,  other  factors  <&ntribute 
to  turbulence.  i-Among  these  are  the  roughness 
of  the  inside  of  the  pipe,  obstructions,  and  the 
degree  of  curvature  of  bends  and  the  number 
of  bends  in  the  pipe.  In  setting  up  or  main- 
taining ffeiid  power  systems,  care  should  be 
taken  to  eliminate  or  minimize  as  many  causes 
of  turbulence  as,  possible,  since  the  energy 
consumecH>y  turbulence  is-  pasted.  Limitations 
as  to  the  degree  £nd  number  of  benjly  of  pipe 
are  discussed  chapter  5.  / 

While  designers  of  fluid  power  equipment 
do  what  they  can  to  minimize  turbulence,  to 
a  very  considerable  extent  it  cannot  be  avoided. 
For  example,  in  a  4-inch  pipe  at  68°  F,  flow 
becomes  turbulent  at  velocities  over  approx- 
imately 6  inches  per  second  or  about  3  inches 
per  second  in  a  6-inch  pipe.  These  velocities 
are  far  below  those  commonly  encountered  in 


fluid  power  systems,  where ,  velocities  of  5 
feet  per  second  and  above  are  common,  In 
streamline  flow,  losses  due  to  friction  increase^ 
directly  with  velocity,  while  with  turbulent  flow 
these   losses   increase  much  more  rapidly. 


FACTORS  INVOLVED  IN  FLOW 

— r 

r  An  understanding  of  the  behavior  of  fluids 
in  motion,  or  solids  for  that  matter,  requires 
an  understanding  of  the  term  "inertia."  Inertia 
is  the  term*  used  by  scientists  to"  describe 
that  property  possessed  by  all  forms  of  mat- 
ter which  makes  the  matter  resist  being  moved 
if  it  is  at  rest,  and  likewise,  resist  any 
change  in  its  rate  of  motion  if  it  is  moving. 

The  basicTstatement  covering  the  action  of 
inertia  is:  "A  body  at  rest  tends  to  remain 
at  rest,  and  a  body  in  motion  tends  to  continue 
in  motion  with  the  same  velocit^and  in  the 
same  direction."  This  is  simply  §*yiagJi*at 
everyone  has  learned  by  experience-that  one 
must  push  an  object  to  start  it  moving  and  offer 
an  opposition  to  stop  it  again. 

A  familiar  illustration  is  the  effort  a  pitcher 
must  exert  to  make  a  fast  pitch  and  the  opposi- 
tion the  catcher  must  put  forth  to  stop  the  ball. 
Similarly,  considerable  work  must  be  performed 
by  the  engine  to  make  an  automobile  begin 
to  roll;  although,  after  it  has  attained  a  certain 
velocity,  it  will  roll  along  the  road  at  uniform 
speed  if  Just  enough  effort-is  expended  to  over- 
come friction,  while  brakes  are  necessary  to 
stop  its  motion.  Inertia  also  explains  the  kick 
or  recoil  of  guns  and  the  tremendous  striking 
iorce  of  projectiles. 
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Figure  2-27.-Streamline  versus  turbulent  flow. 
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Inertia  and  Force  ... 

In  order  to  overcome^he  tendency  to  resist 
any  change  in  its  state  of  n^tor  motion,  some 
force  which  is  not  otherwiseSsjgceled  or  un- 
balanced must  act  upw^the  object  Some  un- 
balanced force  nu^Tbe- allied  whenever  fluids 
are  set  in  mojdfon  or  increased  in  velocity; 
while  conversely,  forces  ar*  rpade  to  do  work 
elsewhere  whenever  fluids /in  motion  are  re- 
tarded or  stooped. 

noring  iriction,  if  the  Ibrce  (A)  in  figure 
2-28\mE&:K^s  a  velocity  of  10  miles  per  hour 
(mph)  wKen  it  is  applied  to  a  body  for  5  seconds, 
it  will  produce  a  velocity  of  20*  mph  when  it 
is  applied  for  10  seconds.  The  same  result 
of  20  mph  would  be  obtained  if  a  force  (B) 
equal  to  twice  (A)  were  applied  to  the  body 
for  5  seconds.  Again  ignoring  friction,  the 
body  would  be  returned  to.rest  from  a  velocity 
of  20  mph  if  force  (C),  equal  to  (A)  but  acting 
in  the  opposite  direction,  were  applied  to  it 
for  10  seconds,  or  if  a  force  (D)  equal  to  twice 
(C)  were  applied  to  it  for  5  seconds. 

Th£re  is  a  direct  relationship  between  the 
magnitude  of  the  force  exerted  and  the  inertia 
against  which  it  acts.  This  force  is  dependent 
on  two  factors— on  the  mass  of.  the  object 


(which  is  proportional  to  its  weight),  and  on 
the  rat«  at  which  the  velocity  of  the  object  .  ; 
is  changed.  The  rule  *is  that  the  force  in  pounds  J 
required  to  overcome  inertia  is  equal  to  the 
weight  of  the  object,  multiplied  by  the  change 
in  velocity  measured  in  feet  per  second,  and 
divided  by  32.2  times  the  time  in  seconds  re- 
quired to  accomplish  the  change.  .Thus,  the 
rate  of  change  in  velocity  of  an  object  is  pro-  ■ v 
portional.  to  the  iorce  applied.    The  numbej: 
32.2  appears  becaiiSe  it  is  the  conversion  fac- 
tor between* weight  and  mass. 

As  discussed  previously,  fluids  are  always 
kcted  upon  by  the  force  of  gravity,  or  in  other 
words,  by  their  o#n  weight.  Also  previously 
explained,  'is  the  fact  that  fluids  are  acted  upon 
by  atmospheric  pressure,  or  the  weight  of  air 
over  the  system,  if  they  are  exposed  to  it— if, 
that  is,  the  system  is  noOpnclosed.  The  action 
of  specific  applied  force  was  also  explained 
and,  in  addition,  it  was  pointed  out  that  when- 
ever there  is  movement  thejre  is  always  some 
friction.  Inertia,  just  described,  completes 
the  list  of  forces  which  control  the  action  of 
fluids  in  motion. 

There  are  five  physical  factors  which 4 can 
act  upon  a  fluid  to  affect  its  behavior.  All  of 
the  physical  actions  of  fluids  in  all  systems 
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Figure  2-28.— Force  and  velocity. 
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are  determined  by.  the  relationships  of,  these 
five  Factors  to  each  other.  Summarizing,  these 
five  factors  are  as  follows: 

1.  Gravity,  which  acts  at  all  times  upon 
all  bodies,  regardless  bf  other  forces. 

2.  Atmospheric  pressure,  which  acts  on 
any  part  Qf  a  system  exposed  to  the  open  air. 

3t.  Specific  applied  forces,  which  may  or 
may*  not  be  present,  but  which,  in  any  event, 
are  entirely  independent  of  the  presence  or 
absence  of  motion. 

4.  Inertia,  which  comes  into  play  whenever 
there  is  a  change  from  rest  to  motion  or  the 
opposite,  or  whenever  there  is  a  change  in 
direction  or  in  rate  of  motion 

5.  Friction,  which  is  always  present  when- 
ever there  is  motion. 

Figure  2-29  illustrates  a  possible  relation- 
ship o^  these  factors  with  respect  to  a  particle 
of  fluid  (P)  in  a  system.  The  different  forces 
are  shown  in  terms  of  head,  or  in  other  wq^ds, 
in  terms  of  vertical  columns  of  fluid  required 
to  provide  the  forces.  At  the  particular  mo- 
ment under  consideration,  1  particle  of  water 


(P)  is  being  acted  upon  by  an  applied  force 
equivalent  to  a  head  (A),  by  atmospheric  pres* 
sure  to  a  head  (B),  and  by  gravity  head  (C) 
produced  by  the  weighty*  the  fluid  standing 
[over  it.  The  particle  possesses  sufficient 
inertia  or  velocity  head  to  rise  to  level  (PL), 
since  head  equivalent  to  (F)  was  lost  in  fric- 
tion as  (P)  passed  through  tfte  system."  Since 
atmospheric  pressure  (B)  acts  downward  6n  the 
system  on  both  sides,  what  was  gained  on  one 
side  was  lost  on  the  other. 

If  all  the  pressure  acting  on  (P)  to  force 
;t  through  the  nozzle  cobld  be  recovered  in 
Vie  form  Of  elevation  head,  it  would  rise  to 
level  (Y).  If  account  is  taken  of  the  balance 
in  atmospheric  pressure,  in  a  frictionless  sys- 
tem, (P)  would  rise  to  level  (X),  or  precisely 
as  high  as  the  sum  of  the  gravity  head  and  the 
t^ead  equivalent  to  the' applied  force. 

Kinetic  Energy  i 

It  was  previously  pointed  out  that  a  force 
must  be  applied  to  an  object  in  order  to  impart 
velocity  to  it- or  to?  increase  the  velocity  it 
already  has.    Of  necessity  the  force  must  act 


ATMOSPHERIC  PRE?JJRi"I"3I~l.  -  JXL"i  -  X 


FP.29 


Figure  2-29.— Physical  factors  governing  fluid  flow. 


32 


ERLC  , 


Chapter  2rPHY&ICS  OF  FLUIDS 


4o1 


while  the  object  is  moving  over  some  distance.  ( 
It  was  also  previously  stated  that  a  force  act- 
ing over  a  distance  is  work,  \tnd  that  work  < 
and  all  forms  into  which  it  can  be  changed 
are  classified  as, energy.     Obviously,  then, 
energy  is.  required  to  give  an  object  velocity. 
The  greater  the  energy  used,  the  greater ,the  , 
velocity  will  be. 

Likewise,  disregarding  friction,  for  an  ob- 
ject to  be  brought  to  rest  or  its  paotion  slowed 
down,"  a  force  opposed  to  its  motion  must  be 
applied  to  it.  This  force  also  acits  over  some 
distance.  'In  this  way  energy  is  given  up  by 
the  object  and  delivered  in  some  form  to  what- 
ever opposes  its  continuous  motion.  The  mov- 
ing object  is  therefore  a  means  of  receiving 
energy  <at  one  place  (wher.e  its  motion  is  in- 
creased) and  delivering  it  to  another  point 
(where  it  is  shopped  or  retarded).  While  it 
is  in  motion,  it  is  said  to  contain  this  energy 
as  energy  of  motioaor  kinetic  energy. 

Since  energy  can  never  be  destroyed,  it 
follows  that  if  friction  is  disregarded  the  en- 
ergy delivered  to  stop  the  object  will  exactly 
equal  the  energy  which  was  required  to  increase 
its  speed.  At  all  times  the  amount  of  kinetic 
energy  possessed  by  an  object  depends  upon 
its  weight  and  the  velocity  at  which  it  is 
moving.  ^ 

Thus,  in  figure  2-30,  the  force  (F)  is 
applied  'to  the  body  (A),  which  is  at  rest. 
Disregarding  friction,  after  it  has  moved  i 
foot  it  Will  possess  kinetic  energy  equivalent 
to  1.  During  each  succeed%g  foot  of  move- 
ment it  will  gain  an  equal  increment^  kin- 
etic energy,  so  long  as  the  force  israpplied. 
If  it  meets  a  resistance  after  moving  5  feet, 
kinetic  ehergy  equivalent  to  5  is  available  to 
do  work.  Accelerated  motion  has  been  a  means 
of  receiving  energy  while  force  (F)  was  ap- 
pliedNp  (A),  and  of  delivering  it  to  do  work 
at  the^point  (A)  reached  at  that  time. 

The  mathematical  relationship  for  kinetic 
energy  is  stated  in  the  rule:  "Kinetic  energy^ 
in-  foot-pounds  is  equal  to  the  force  in  pougds 
which  created  it,  multiplied  by  the  *distalfee 
through  which  it  was  applied,  or  to  the  weight 
of  the  moving  object  "in  pounds)  multiplied  by 
the  square  of  ilk  velocity  in  feet  per  second, 
and  divided  by  64.4." 

The  relationship  between  inertia  forces, 
velocity,  and  kinetic  energy  can  be  illustrated- 
by  analyzing  what  happens  when  a  gun  fires 
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Figure  2-30.— Kinetic  energy. 


a  projectile  against  the  armor,  of  an  enemy 
ship.  (See  fig,  2-31.)  The  explosive  fo^rce 
of  the  powder  in  the  breach  pushes  the  pro- 
jectile out  of  the  gun,  giving  it  a  high  velocity. 
Because  of  its  inertia  the  projectile  offers 
opposition  to  this  sudden  velocity  and  a  reaction 
is  set  up  which  pushes  the  gun  backward 
(kick  or  recoil?.  The  force  of  the  explosion 
acts,  on  the  projectile  throughout  its  movement 
in  the  gun.  This  is  force  acting  through  a 
distance  producing  work.  This  work  appears 
as  kinetic  energy  in  the  speeding  projectile. 
The  resistance, of  the  air  prodgpes  friction,, 
which  uses  some  of  the  energy  arid  sloWs  down 
the  projectile.  Eventually,  however,  the  pro-f 
jectile#hits  its  target  and  because  of  the  inertia 
tries  ,  to-  continue  moving.  ♦  The  tafget,  being 
relatively  stationary,  tends  to  remain  stationary 
because  of  its  inertia.  The  result  is  that  a 
tremendous  force  is  set  up  which  either  leads 
to  the  penetration  of  the  armtfr  or  the  shattering 
.of  the  projectile.  The  projectile  is  siihply  a 
means  of  transferring  energy,  in^thte-iqstance 
*  fop  'destructive  purpose,  frQm  the  gun  to  the 
enemy  ship.  This  energy  is  transmitted  in 
the  form  of  energy  of  motion  or  kinetic  energy. 

Referring  to  figure  2-31,  the  projectile  is 
shown  in  four  different  positions:  at  (A)  where 
it  is  at  rfest  in  the  gun,  just  before  firing;  at 
(B),  a  short  distance  beyond  the  muzzle  of  the 
gun,  when  its  kinetic  energy  is,  at  the  max- 
imum; at  (C),  midway  in  its  flight;,, where  fric- 
tion has  used  up  a  portiop  of  its  original 
kinetic  energy^  and  at  (D),  at  the  moment  of 
impact,  wh^re  its  kinetic  energy  is  suddenly 
transformed  into  work  by  its  inertia  and  the 
opposed  inertia  offered  by  the.taflgtt.  Energy 
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Figure  2-31. -Relationship  of  inertia,  velocity,  and  kinetic  energy. 
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•  imparted  to  the  projectile  at  (A)  has  been 
transformed  in  the  form  .of  kinetic  energy  to 
do  work  at  (D). 

In  this  diagram?  no  effort  has  been  made 
to  exhibit  the  magnitude  of  the  force  of  gravity 
acting  on  tfce'  projectile.  It  enters,  of  course, 
into  the'  path  the  projectile  takes,  ife?  sit- 
uation differs  from  that  shown  in  figure  2-30 
in  which  the  propelljhg  force  w^s  continuously 
1  applied  throughout  the  period  covpfred  by  the 
diagram,  .whereas  in  figure  2-31,  the  force  was 
applied  while  the  projectile  was  movirig:  from 
(A)to(B).  <v 

A  similar  action  takes  place  in  a  fluici 
power  system  in  which  the  fluid  takes  the  place 
of  the  projectile,  For  example,  the  pump  in 
a  hydraulic  system  imparts  energy  to  the  fluid 
which  overcomes  the  inertia  of  the  fluid  at 
rest  and 'causes  it  to  flow  through  the  lines. 
The  fluid  flows  against  some  type  of  actuator 
which  is  at  rest.  The-  fluid  tends  to  continue 
flowing,  overcomes  the  inertia  of  the  actuator, 
and  moves  the  actuator  to  do  work.  Friction 
uses  up  a  portion  of  the  energy  ^as  the  fluid 
flows  through  the  lines  and  components. " 


{ 


RELATIONSHIP  OF  KFORCE, 
PRESSURE,  AND  HEAD  * 

In  de&ing  with  fluids,  forces  .are  usually 
considered  in  relation  to  the  areas  over  which 
\hey  are  Applied.  As  previously  discussed, 
a  forc£  aetjfcg  over  a  unit  area  is  a  pressure, 


and  pressure  can  alternately  be  stated  in  £si 
or  in  terms  of  head,  which  is  the  vertical 
height  of  the  column  of  fluid  whose  weight 
would  produce  tkat  pressure. 

In  most  of  the  applications  of  fluid  power 
in  the  Navy,  applied  forces  greatly  Sutweigh 
all  other  forces,  and -in  most  systems  the  fluid 
is  entirely  confined.  Under  these  circumstances 
it  is  customary  to  think  of  the  forces  involved 
in  term£  of  pressures.  Since  the  term  head 
is  encountered  "frequently  in  the  study  ot fluid 
power,  it  is  necessary  to  understand  what  it 
means  and  how  it  is  relatec^p^re^sure  andf 
force.  %     *  '  -  , 

All  five  of  the  factor^  which  confcfbl  the 
actions  of  fluids  can,  of  course,  be  expressed 
„  either'  as  force,  or  in  terms  alternately  ■  of 
"  equivalent  pressures  of  head.  In  each  situation, 
however,  the  different  fectors  are  commonly 
referred  to  in  the  same  terms,  since  on  this 
jcommon  ba$is  they  can  be  addecT  and  sub- 
tracted to  study  their  relationship  td'feach other. 

•  At*  this  point  some  terms  in  general  use  m 
should  be  reviewed.  Gravity  head,  when  it  is  - 
of  sufficent  importance  to  be  considered,  is^ 

4  sometimes  .referred  to  as  head.  .  The  effect 
of  atmospheric  pressure  is  referred  to  simply 
as  atmospheric  pressure.  (Atmospheric  pres- 
sure Js  frequently  and  improperly  referred  to 
as  suction.)  Inertia  effect,  because  it  is  always^  . 
directly  related  to  velocity,  is  usually  called 
velocity  head,  and  friction,  because  it  represents 
a  loss  of  pressure  or  head,  is  usually  referred 

^,to  as  friction  head. 
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STATIC  AND  DYNAMIC  FACTORS 

The  first  three  factors-gravity,  applied 
.  force,  and  atmospheric  pressure-apply  equally 
to  fluids  at  rest  or  in  motion,  while  the  latter 
two-me#iaVnd  friction-apply  only  ttf^uids- 
in  motion.  The  first  three  ?re  the  static 
factors  and  the  latter  twcKhe  dynamic  factors. 
The  mathematical  sum  of  the  <irst  three- 
gravity,  applied  force,  and  atmospheric  pres-  . 
sure-^is  the  static  pressure  obtained  at  any 
one  point  in  a  fluid  &t  any  given  time.  Static 
pressure  exists  in  addition  to  any  dynamic 
factors  whic^  may  also  be  present  at  the  same 
point  and  time. 

Remember,  Pascal's  law  states  that  a  pres- 
sure set  K  up  in  a  fluid  act§  equally  in  all  di- 
rections and  at  right  angles  to  the  containing 
surfaces.  This  covers  the  situation  only  for 
fluids  at  rest,  or  practically  at  rest.  It  is 
true  -oiUy  foe  the  factors  making  up  static 
head.  Obviously,  when  velocity  becomes  a  fac- 
tor it  must' have  a  direction,  and,  as  previously 
explained,  the  force  related  to  the  velocity 
must  also  have  a  direction,  so  that  Pascal's 
law  alone  does  not  apply  to  the  dynamic  fac- 
tory of  fluid  power. 

^ The  dynamic  factors  of  inertia  and  friction 
are  related  to  the  static  factdVs.  Velocity  *ead. 
and  friction  .head  are  obtained  at  the  expense 
of  static  head.  However,  a  portion  of  the  ve- 
locity head  can  always  be  reconverted  to  static 
head.  Force,  which  can  be  produced  by  pres- 
sure or  head  when  dealing  with  fluids,  is 
necessary  to  start  a  body  moving  if  it  is  at 
rest,*  and  is  present  in  some  form  when  the 
motion  of  -  the  body  is  arrested.  Therefore, 
whenever,  a  fluid  is  given  velocity,  some  pa<^ 


of  its  original  static  head  is  used  to  impart 
this   velocity,   which;  then  exists  as  velocity  T 
head. 


BERNOULLI'S  PRINCIPLE-  >  ^  ^ 

Consider  the  systeJh  illustrated  in' figure 
2-32.    Chamber  (A)  isfinder  pressure  and  is  ^ 
connected  by  a  tube  to  chamber  (B),  which  is 
also  under  pressure.  The  pressure  in  chamber 

(A)  is  static  pressure  of  100  psi.  The  pressure 
at  some  point  (X)  along  the  connecting  tube 
consists  of  a  velocity  pressure  of  10  psi  exerted 
in  a  direction  parallel  .to  the  line  of  flow,  plus 
the  unused  static  pressure  of  90  psi,  which 
still  obeys  Pascal's  law  and  operates  equally 
in  all  directions.    As  the  fluid  enters  chamber 

(B)  it  is  slowed  down,  and,  in  so  doing,  its 
velocity  head  is  changed  back  to  pressure  head. 
The  force  required  to  absorb  its  inertia  equals 
the  force  required  to  start  the  fluid  moving 
originally,  so  that  the  static  pressure  in  chamber 
(B)  again  "equal  to  that 'in  chamber  (A), 
although  it  was  lower  at  an  intermediate  point. 

This  situation  (fig.  2-32)  disregards  friction, 
and  would  therefore,  not  be  encountered  ,xn 
actual  practice.  Force  or  head  is  also  required 
to  overcome  friction,  but,  unlike  inertia.effect, 
this  force  cannot  be  recovered  again,  although 
the  energy  represented  still  exists  somewhere 
as  h£at.  Therefore,  in  an  actual  system-  the 
pressure  in  chamber  (B)  would  be  less  than  in 
chamber  (A)  by  the  amount  of  pressure  used 
in  overcoming  friction  alonffthe  way. 

At  all  points  in  a  SyjWfc»d1r  refore,  tfie 
static  pressure  is  always  the  original  static 
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Figure  2- $2. -Relation  of  static  and  dynamic  factprs-Bernoulli's  principle. 
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pressure  less  any  velocity  head  at  the  poirit  in 
question,  and  less  the  friction  head  consumed  . 
in  reaching  thaL  point.  Since  both  velocity 
head  and  frictioirVepresent  energy  which  came 
from  the  original  static  head,  and  since 'energy, 
cannot  be  destroyed,  the  sum  of  the  static  head 
velocity  head,  and  friction  at  any  point  in  the 
system  must  add  up  to  the  original  static  head.\ 
This  is  known  as  Bernoulli's  principle,  which 
states:  "For  the  horizontal  flow  of  fluid 
through  a  tube,  the  sum  of  the  pressure  and 
the  l&netic  energy  per  unit  volume  of  the  fluid  . 
is  constant.' 9  This  principle  governs  the 
^relations  -  of  the  static  and  dynamic  factors 
concerning  fluids,  while  Pascal's  law  states  the 
manner  in  which  the  static  factors  behave  when 
taken  by  themselves. 

1  i  ^ 


MINIMIZING  FRICTION 

As  mentioned  previously,  fluid  power  equip- 
ment is  designed  to  reduce  friction  to  the  lowest 
possible  level.  Volume  and  velocity  of  flow  are 
made  the  subject  of  careful  study.  The  proper' 
fluid  for  the  system  is 'chosen.  Clean,  smooth 
pipe  of  the  best  dimensions  for  the  particular 
conditions  is  used,  and  it  is^4nstalled  alongL 
as  direct  a  route  as  possible.  Sharp  bends 
and  sudden  changes  in  cross-sectional  areas 
are  avoided.  Valves,  gages,  and  other  com- 
ponents are  designed  so  as  to  interrupt  flow 
as  little  as  possible.  Careful  thought  is  given 
to  the  size  and  shape  of  the  openings.  The 
systems  are  designed  so  they  can  be  kepTclean 
inside  and  varffrions  froni  normal  operation 
can  easily  be  detected  and  remedied. 
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During  the  design  of  equipment  that  re- 
quires— fluid  power,  many  factors — must  be  - 
considered  in  the  selection  of  the  type  of  sys- 
tem to  be  used— hydraulic,  pneumatic,  or  a  com- 
bination of  the  two.  Some  o  f  the  factors  that 
mus^  be  considered  are  as  follows:  Required 
speed  and  accuracy  of  operation,  surrounding 
atmospheric  conditions,  economic  conditions," 
availability  of  replacement  fluid,  required  pres- 
sure level,  operating  temperature  range,  con- 
tamination possibilities,  cost  of  transmission 
lines,  limitations  of  the  equipment,  lubricity, 
safety  to  the  operators,  and  expected  service 
life  of  the  equipment. 

After  the  t^jjpe  of  system  has  been  Selected, 
many  of  these  same  factors  must  be  considered 
in  selecting  the  fluid  for  the  system.  The  first " 
part  of  this  chapter  is  devoted  to  hydraulic  liq- 
uids. Included  in  this  parLare  sections  on  the 
properties  and  chaiactrastics  desired  of  hy- 
draulic liquids,  the  basic  types  of  hydraulic  liq- 
uids, and  the  types  and  control.of  contamination. 
The  last  part  of  the  chapter  covers  similar  infor- 
mation concerning  t£e  gases  used  in  pneumatic 
systems. 

HYDRAULIC  LIQUIDS  , 

liquids  are  used  in  hydraulic  systems  pri- 
marily to  transmit  and  distribute  forces  to  the 
various  units  to  be  actuated.  As  pointed  out  in 
chapter  2,  liquids  are  able  to  do  this  because 
they  are  almost  incompressible.  Pascal's  law 
states  that  a  force  applied  on  any  area  of  an  en- 
closed liquid  is  transmitted  equally  and  undim- 
inished to  all  equal  areas  throughout  the  enclos- 
ure. Thus,  if  a  number  of  passage?  exist  in  a 
system,  pressure  can  be  distributed  through  all 
of  them  by  h&z&a  of  a  liquid. 

Commercial  manufactures  of  hydraulic  de- 
vices usually  specify  the  type  of  liquid  best  suited 
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for  use  with  their  equipment.  Their  recom- 
mendations are  leased  .on  the  working  conditions, 
the  service  r&piired,  temperatures  expected 
both  inside  and  outside  the  system,  pressures 
the  liquid  must  withstand,  the  possibilities  of 
corrosion,  etc.»Inadditio«othe  manufacturer's 
recommendations,  the  proper  specifications  for 
liquids  used  in  Navy  hydraulic  systems  are  de- 
termined' by  the  various  systems  commands  on 
the  basis  of  experiments,  tests,  and  trials.  For 
example,  many5  experiments  and  tests  were  made 
^in  the  search  for  hydraulic  liquids  adapted  to  both 
the  subzero  Arctic  climate  and  high  temperat- 
tures  of  the  Tropics.  & 


PROPERTIES'  x 

If  fluidity  (the  physical  property  of  a  sub- 
stance that  enables  it  to  flow)  and  incompre^s- 
ibility  were  the  only  qualities  required,  any  liq- 
uid not  too  thick  might  be  used  in  a  hydraulic 
system.  However,  a  satisfactory  liquid  for,  a 
particular  insolation  must  possess  a  number  of 
other  properties.  Some  of  the  properties  and 
characteristics  that  must  be  considered  when  se- 
lectingoa^atisfacto^^iquidforaparticularsys- 
Tem  are  discussed  in  thfe  following  paragraphs. 


Viscosity 

One  of  the  most  important  properties  of  a 
liquid  to  be  used  in  hydraulic  system  is  its  vis- 
cosity. Viscosity  is  the  internal  resistance  of 
a  fluid  which  tends  to  prevent  it  from  flowing. 
A  liquid,  such  as  tasoline,  which  flows  easily 
has  a  low  viscosity;  and  a  liquid,  such  as  tar, 
which  flaws  slowly  has  a  high  viscosity.  The 
viscosity  of  a  liquid  is  affected  by  changes  in 
temperatures.  As  the  temperature  of  a  liquid 
increases,  its  viscosity  (resistance  to  flow)  de- 
c  reases.  That  is,  a  liquid  flows  more  easily  when 
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hot  than  when  Mid.  Also,  the  viscosity  of  a  liq- 
uid wiil  incrat$e  as  the  pressure  increases. 

A  satisfactory  liquid  for  a  given  hydraulic 
system  must  have  enough  body  to  give  a  good 
seal  at  pumps,  motors,  valves,  etc.  These  com- 
ponents depend  upon  close  fits  for  creating  and 
maintaining  pressure.  Internal  leakage  through 
these  clearances  results  in  loss^of  pressure,  in- 
stantaneous control,  and  pump  efficiency.  These 
leakage  losses  are  greater  with  lighter  liquids 
{low  viscosity).  A  liquid  that  is  too  thin  will  also 
lead  to  rapid  wearing  of  moving  parts,  or  of  parts 
having  heavy  loads.  On  the  other  hand,  if  the  vis- 
cosity of  the  liquid  is  too  high  the  internal  fric- 
tion of  the  liquid  will  increase  which  in  turn  will 
increase  the  flow  resistance  through  clearances 
of  closely  fitted  parts  ,'littfcs  and  passages.  This 
results  in  pressure  drops  throughout  the  system, 
sluggish'  operation  of  the  equipment,  and  an  in- 
crease in  power  consumption. 

MEASUREMENT  OF  VISCOSITY.-The  vis- 
cosity of  a  liquid  is  measured  with  an  instrument 
called  a  viscosimeter  or  viscometer.  There'are 
several*  types,  but  the  instrument  most  commonly 
used  by  American  engineers  is  the  Saybolt  Uni- 
versal-Viscosimeter.:  (See  fig.  3-1.)  This  instru- 
ment measures  the  numbert)f  seconds  it  takes  for 
a  fixed  quantity  of  liquid  (60  cubic  centimete rs)  to 
flow  through  a  small  orifice  of  standard  length 
and  diameter  at  a  specific  temperature.  The  time 
of  flow  is  taken  in  seconds,  and  the  viscosity 
reading  is  expressed  as  Second,  Saybolt  Univer- 
sal (SSU).  For  example,  a  certain  liquid  might 
have  a  viscosity  of  80  SSU  at  130°  F. 

The  Saybolt  Viscosimeter  consists  of  a  con- 
tainer for  the  liquid  surrounded  by  a  bath  heat- 
ed by  heating  coils  to  bring  the  liquid  to  the  tem- 
perature at  whfch  the  viscosity  is  to  be  measur- 
ed. There  is  a  standard  viscosimeter  orifice 
located  in  the  bottom  of  the  container.  Passage 
through' the  orifice  is  blocked  with  a  cork.  The 
container  is  tilled  to  a  marked  level  with  the  liq- 
uid to  be  tested  and  a  small  container  marked  at 
the  60-cubic  centimeter  (cc)  level  is  placed  under 
the  orifice.  When  the  liquid  is  at  the  desired— 
temperature,  the  cork  is  removed.  The  number 
of  seconds  required^for  the  liquid  to  reach  the 
60^cc  lejv^l  gives  the  SSU  reading. 

VISCOSITY  INDEX. —One  of  the  properties  of 
an  id6al  hydraulic  liquid  would  be  that  of  retain- 
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Figure  3-1.— Saybolt  Viscosimeter. 

do  not  have  this  characteristic.  As  the  tempera- 
ture increases  the  oil  becomes  thinner— the  vis- 
cosity decreases;  as  the  temperature  decreases, 
the  oil  thickens— the  viscosity  increases.  The  ' 
variation  is  greater  for  s6me  liquids  than  for 
others.  Pennsylvania  crude  oils  (p»affinic)  vary 
comparatively  little  in  viscosity  with  changes  in 
temperature;  while  with  Gulf  Coast  crude  (nap-  . 
hthenic  or  asphaltic),  the  variation  is  consider- 
ably greater..  ^ 

In  order  to  obtain  a  numerical  indication  of  the 
degree  to  which  viscosity  changed  with  change  in 
•  temperature,  these  two  oils  (paraffinic  and naph- 
thenic)  are  taken  as  the  basis  for  a  scale.  The 
change  in  viscosity  of  a  specific  paraffinic  oilat 
temperatures  between  100°  and  210°  F  is  as- 
signed a  viscosity  index  (V.I.)  value  of  100, 
,^hile  the  change  in  viscosity  of  a  specific 
/naphthenic  oil  over  the  same  temperature  range 
is  assigned  a  value  of  0.  Other  liquids  are  then 
assigned  a  viscosity  index  in  terms  of  the  degree 
to  which  theiV  viscosity  changes  over  this  tem- 
perature range,  as  compared  to  the  standard  oils.. 

The  greater  the  variation  in  viscosity  Tfcrtth 

an  id^al  hydraulic  liquid  would  be  mat oi retain-  changes  in  temPerature'^^^ 

ing  the^me  viscosity uffderall  temperaturearUli  V.I.  iigtires  may  range  above  100  ortalowzero, 

pressK  conditions  to  which  it  is  subjected.  if  the  liquids 'bfeing :»^^2ri^g 

Many  Jiquids,  particularly  petroleum  base  oils,  x  er  in  viscositf  than  the  standard  oils.  For 
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example,  a  liquid  with  a  viscosity  inde*  of  -10 
would  indicate  a  variation  in  viscosity  over  the 
standard  temperature  range  tq  a  greater  degree 
than  naphthemc  oils;  while  an  oil  with  a  viscosity 
index  .of  120  .would  show  Jess  change  in  viscosity 
with  changes  in  temperature  than  paraffinic  oils. 

Since  naval  hydraulic  systems  must  operate 
satisfactorily  under  wide  temperature  extremes, 
from  the  Arctic  regions  to  the  Tropics  ^nd  from 
below  sea  level  to  many  miles  into  space,  the 
liquids  used  should  have  as  high  a  viscosity  index 
as  possible,  consistant  with  the  other  properties 
the  liquid  must  possess.  The  viscosity  index  of  a 
liquid  is  o£en  increased  through  the  use  of  chem- 
ical additives. 


LipDricating  Power 

If  motion  takes  place  between  surfaces  in  con- 
tact, friction  tends  to  oppose  the  motion.  When 
pressure  forces  the  liquid  of  a  hydraulic  system 
between  the  surfaces  of  moving  parts,  the  liquid 
spreads  out  in  a  thin  film  which  enables  the  parts 
to  move  more  freely.  Different  liquids,  includ- 
ing oils  vary  greatly  not  only  in  their  lubricating 
ability,  but  also  in  film  strength  which  is  the  cap- 
ability of  a  liquid  to  resist  being  wiped  or 
squeezed  out  from  between  the  surfaces  when 
spread  out  in  an  extremely  thin  layer.  A  liquid 
will  no  longer  lubricate  ft  the  film  breaks  down, 
since  the  motion  of  part  against  part  wipes  the 
metal  clean  of  liquid*  j 

Lubricating  power  varies  with  temperature 
changes;  therefore,  the  climatic  and  working 
conditions  must  enter  into  the  determination  of 
the  lubricating  qualities  of  a  liquid. .  Unlike  vis- 
cosity, which  is  a  physical  property,  the  lubricat- 
ing and  film  strength  of  a  liquid  is  directly  re- 
lated to  its  chemical  nature.  Lubricating  qual- 
ities and  film  strength  can  be  improved  by  the 
addition  of  certain  chemical  agents. 


Chemical  Stability 

Chemical  stability  is  another  property  which 
is  exceedingly  important  in  the  selection  of  a 
hydraulic  liquid.  It  is  defined  as  the  liquid's 
ability  td  resist  oxidation  and  deterioration  for 
long  periods.  All  liquids  tend  to  undergo  unfavor-^ 
able  ehanges  under  severe  operatingconditions. 
This  is  the  case,  for  example,  when  a  system  op- 
erates for  arconsiderable  period  of  time  at  high 
temperatures.  '  „ 
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"Excessive  temperature,  especially  extreme- 
ly ,high  temperatures,  have  a  great  effect  on  the 
life  of  a  liquid.  It  should  be  noted  that  the  tem- 
perature of  the  liquid  in  the  reservoir  of  an  op- 
erating'hydraulic  system  does  not  always  repre- 
sent "a  true  state  of  the  operating  conditions 
throughout  the  system.  Localized  hot  spots  occur 
on  bearings,  gear  teeth,  or  at  other  points  where 
the  liquid  underpressure  is  forced  through  small 
orifices.  Continuous  passage  of  the  liquid 
through  these  points  may  produce  local  temper- 
atures high  enough  to  carbonize  or  sludge  the  liq- 
uid, yet  the  liquid  in  the  reservoir  may  not  indic- 
ate an  excessively  high  temperature. 

Liquids  with  a  high  viscosity  have  a  greater 
resistance  to  heat  than  light  or  low  viscosity  liq- 
uids which  have  been  derived  from  the  same 
source.  The  average  hydraulic  liquid  has  a  re- 
latively low  viscosity.  Fortunately,  there  is  a 
wide  choice  of  liquids  available  for  use  in  the  vis- 
cosity  range   required  of  hydraulic  liquids. 

Liquids  may  break  down  if  jsxposed  to  air, 
water,  salt,  or  other  impurities,  especially  if 
they  are  in  constant  motion  or  subjected  to  heat. 
Some  metals,  such  a?  zinc,  lead,  brass,  and 
copper,  have  an  undersirable  chemicaTrjeaction 
on  certajln  liquids. 

These  chemical  processes  result  in  the  for- 
mation of  sludge,  gyms,  and  carbop  or  other  de- 
posits which  clog  openings,  cause  valves  and 
pistons  to  stick  or  leal},  arid  give  poor  lubrica- 
tion to  moving  parts.  As  soon  as  a  small  amount 
of  sludge  or  other  deposits  are*formed,  the  rate 
of  formation  generally  increases  more  rapidly. 
As  they  are  formed,  certain  changes  in  the  phy- 
sical and  chemical  properties  of  the  liquid  take 
place.  The  liquid  usually  becomes  darker,  higher 
in  viscosity,  and  acids  are  formed.  % 

The  extent  to  which  changes  occur  in  differ- 
ent liquids  depends  on  the  type  of  liquid,  type 
of  refining,  and  whether  it  has  been  treated  to 
provide  further  resistance  to  oxidation.  The 
stability  of  liquids  can  be  improved  by  the 
addition,  of  oxidation  inhibitors.  Laboratory 
test  must  be  conducted  to  select  the  type  and 
quantity  of  the  inhibitor  most  effective  against 
oxidation  of  a  particular  liquid.  However,  in- 
hibitors selected  to  improve  the  stability  of  a 
liquid  must  also  be  compatible  with  the  other  re- 
quired properties  of  the  liquid. 

Freedom  from  Acidity 

An  ideal  hydraulic, liquid  should  oe  free  from 
acids  which  cause  corrosion  of*the  metals  in  the 
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system.  Most  liquids  cannot  be  expected  to  re- 
main completely  noncorrosive  under  severe  op- 
erating conditions.  The  degree  of  acidity  of  a 
liquid,  when  ne^,  may  be  satisfactory;  but  after 
use,  the  liquid*  may  tend  to  develop  corrosive 
tendencies  as  it  begins  to  deteriorate.  The  liq-^ 
quid  must  be  carefully  processed  with  the  spec- 
r  ilic  aim  of  inhibiting  hanAful  acid  formation 
which  would  attack  metal  surfaces  in  the  system. 

Many  systems  are  idle  for' long  periods  after 
operating  at  high  temperatures.  'This  permits 
moisture  to  be  condensed  in  the  system,  resulting 
in  rust  formation.  *  ^ 

Certain  corrosion-and  rust-preventive  addi- 
tives are  &dtied  to  hydraulic  liquids.  Some  of 
these  additives  are  effective  only  for  a  limited 
period.  Therefore,  the  best  procedure  is  to  use 
the -liquid  specified  for  the  system,  and  to  pro- 
tect the  liquid  and  the  system  as  much  as  poss-  . 
ible  from  contamination  by  foreign  matter,  from 
abnormal  temperatures,  and  misuse. 


Flashpoint 

Flashpoint  is  the  temperature  at^hich  a  liq- 
uid gives  off  vapor  in  sufficient  quantity  to  ignite 
momentarily  o r  flash  when  a  flame  ^applied. 
A  high  flashpoint  is  desirable  for  hydrablic  liq- 
uids because  it  provides  good  resistance  to  com- 
bustion and  a  low  degree  of  evaporation  at  normal 
temperatures. 


chemicals  and,  as  a  result,  most  hydraulic 
liquids  are  free  of  harmful  chemicals.  Some 
fire-resistant  liquids  are  toxic,  and  suitable  pro- 
tection and  care  in  handling  must  be  provided 
Containers  for  toxic  liquids  must  be  properly 
labeled. 

NOTE:  MIL-STD-755A  establishes  a  uniform 
design  for  symbols  to  warn  users  of  potential4 
"hazards  involved  with  theMe  of  materials™  con- 
tainers.  The  toxic  symbol  consists  of  a  brdwn 
edged  square  inside  of  which  is  a  brown  circular 
patch  on  a  white*  background.  A  skull  and  the 
following  lettering  appears  in  white  on  the  brown 
patch:  DANGER,  TOXIC,  CONTAINS  (name  of 
substance)  AVOID  INHALING,  SW ALLOWING, 
OR  CONTACT  WITH  THE  SKIN.  Additional  in- 
formation concerning  the  identification  of  com- 
pressed-gas cylinders  and  pipelines  containing 
hazardous  substance  is  c6ntained  in  MIL-STD- 
101A  and  MIL-STD-1247B. 


TYPES  OF  HYDRAULIC  LIQUIDS 

Many  different  liquids  have  been  tested  for 
use  in  hydraulic  systems.  The  liquids  that  are 
presently  in  use  include  mineral  oil,  vegetable 
oil,  water,  phosphate  esters,  ethylene  glycol 
compounds,-  and  oil  in  water.  Hydraulic  liquids 
are  usually  classified  according  to  their  type  of 
base.  TheShree  most  common  types  of  hydrau- 
lic 'liquids  are  water  base,  petroleunrbase,  and 
synthetic  base.  ' 


Fire  Point 

Fire  point  is  the  temperature  at  which  a  sub- 
stance gives  off  vapor  in  sufficient  quantity  to 
ignite  and  continue  to  burn  when  exposed  to  a 
spark  or  flame.    Like  flashpoint,  a  high  fire- 
point  is  required  of  desirable  hydraulic  liquids. 


Minimum  Toxicity 

Toxicity  id  defined  as  the  quality,  state,  or 
degree  of  being  toxic  or  poisonous.  Some  liq- 
quids  contain  chemicals  that  are, a  serijpus  toxic 
hazard.  These  toxic  or  poisonous  chemicals  may 
enter  the  body  through  inhalation,  by  absorption 
through  the  skin,  through  the  eyes,  or  through  the 
mouth.  The  result  is  sickness  and  in  many  cases 
dsath.  Manufactures  of  hydraulic  liquids  strive 
to  produce  suitable  liquids  that  contain  no  toxic 
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Water  Bas^Uquids 

Water  was  used  as  a  fluid  medium  in  the 
first  hydraulic  systems.  It  is  still  suitable  for 
certain  large  commercial  hydraulic  installations 
that  require  high  pressure  and  low  operating 
speeds,  but  it  does  not  meet  all  the  requirements 
for  general  hydraulic  equipment  usel  Asa  hy- 
draulic liquid,  water  presents  many  problem^. 
It  is  limited  to  temperatures  above  freezing  and- 
below  boiling  points.  It  promotes  corrosion  and 
rusting  of  metal  parts  and  provides  no  lubrica- 
tion of  moving  parts.  In  addition,  the  hazard  of 
foreign  ^natter  in  'th£  water  itself  can  cause  an 
abrasive  action  on  the  smooth  surfaces  of  system 
components.  All  of  thete  act  as  factors  det- 
rimental to  the  operating  efficiency  and  long  ser- 
vice life  of  the  equipment. 

One  of  the  major  advantages  of  water  is  its 
Hvb  resistant  qualities.  When  water  is  used  as 
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a  hydraulic  liquid,  it  is  usually  combined  ^Yith 
certain  oils,  ethylene  glycol,  and  other  sub- 
stances. When  combined  with  ail,  the  combin- 
ation^ relatively  fire  resistant.  However,  high 
temperatures  may  cause  the  water  to  evaporate 


today.  This  liquid  was  improved  through  the 
use  of  a  number  of-'additives,  such  as  oxidation 
and  corrosion  inhibitors,  viscosity  index  im- 
provers, pour  depressants,  etc.  These  addi- 
tives not  only  permit  liquid  operation  at  greater 


and  thei^the  oil  might  burn.  Otber*ombii*tions-^e^  to  their  luhric 


can  eliminafe  ignition  problems  "But  may  have 
mechanical  or  economic  limitations.  During  the 
early  195C's,  the  Navy  used  Hydrolube,  a  mix- 
ture of  .water  and  polyethylene  glycol  (antifreeze 
compound)  iri  approximately  80  percent  of  their 
aircraft.  This  liquid  contained  35  to  40  percent 
water  mixed  with  polyethylene  glycol,  rust  in- 
hibitors,thickeners,  and  lubricating  agents. 
After  a  few  years  of  use,  problems  were  encoun- 
tered with  thin  film  corrosion  on  the  hydraiilic 
system  components,  resulting  in  the  Navy  dis- 
continuing its  use  in  aircraft  hydraulic  systems. 
Similar  water  base  liquids  are  used  by  theNavy 
in  the  catapult  systems  on  some  aircraft  carri- 
ers. This  was  approved  fpliowing  explosions 
attributed  to  petroleum  base  liquids. 


Petroleum  Base  Liquids 

One  of  tl\e  first  oils  used  as  a  hydraulic  liq- 
uid was  a  petroleum  base  automotive  brake 
fluid.  At  that  timfe  natural  rubber  was  used  in  the 
construction  of  packings  and  gaskets.  Since  nat- 
ural rubber  is  not  compatible  with  petroleum 
base  liquids,  the  use  of  this  type  liquid  as  a  hy- 
draulic medium  was  limited.  As  a  result,  a  veg- 
etable base  oil  containing  50  percent  castor  oil 
and  50  percent  ajcohol  was  used  iasome  appli- 
cations. This  solved  the  problem  with  packings 
and  gaskets,  as  natural  rubber  is  compatible 
with  vegatable  base  oils.  However,  this  liquid 
was  unsatisfactory  due  to  oxidation  of  the  castor 
oil  and,  sincp  liquid  is  an  excellent  conductor  of 
electricity,  restated  in  a  high  degree  of  elect- 
rolysis'(the  chemical  disintegration  of  a  sub- 
stance (accomplished  by  an  electric  currentpas- 
sing  pJrough  it).  In  addition,  vegetable  oils  tend 
to  break  down  under  extreme  temperature 
changes.  - 

During  the  middle  1930's,  a  light  petroleum 
base  oil  was  developed  and,  when  used  with  as- 
bestos seals,  proved  quite  successful.  By  the 
late  1930' s,  advancement  in  packing  materials, 
such  as  synthetic-rubber  seals,  permitted  exten- 
sive use  of  petroleum  base  liquids  in  hydraulic 
systems.  As  a  result,  a  pertoleum  base  oil  was 
developeckabout-lS40  that  proved  very  satisfac- 
tory and,  with  certain  refinements,  is  in  use 


ating  qualities  and  life  characteristics. 

Petroleum  base  liquids  are  the  most  widely 
used  media  for  hydraulic  systems.  Certain 
petroleum  base  oils  are  used  in  a  number  of 
different  <  applications.  For  example,  MIL-H- 
*5606B  is  the  specification  number  of  the  pe- 
troleum base  oil  presently  used  in  most  Navy 
aircraft  hydraulic  systems.  Another  example 
€>  MIL-F-17111  which  is  the  specification 
number  of  the  petroleum  base  oil  generally 
approved  for  ordnance  equipment,  exceptguided 
missiles.  Many  special  petroleum  Base  oils 
ate  required  for  special  applications. 


Synthetic  Base  Liquids 

Petroleum  base  oils  contain  most  of  the  de- 
sired properties  required  of  a  hydraulic  liquid. 
However,  they  are  flammable  under  normal  con- 
ditions and  can  become  explosively  dangerous 
when  subjected  to  high  pressures  and  a  source  of 
flame  or  high  temperatures.  Water  base  liq- 
uids are  relatively  fire  resistant,  but  do  not  have" 
the  high  lubricity  of  petroleum  base  oils.  Some 
water  base  liquids -<cause  corrosion  of  compo- 
nents in  the  hydraulic  system. 

In  recent  years,  nonflammable  synthetic  liq- 
uids have  been  developed  for  use  in  hydraulic 
systems  where  fire  hazards  exist.  A  synthetic^ 
material  is  a  complex  chemicaLcompound  that 
has  been  artifically  formed  by  the  combining  of 
two  or  more  simpler  compounds  or  elements. 
Some  of  the  synthetic  liquids  currently  used  as 
a  hydraulic  medium  are  chemically  described 
as  phosphate  esters,  chlorinated  biphenyls,  or 
'  blends  of  each.  Certain  synthetic  liquids  have 
been  found  to  chemically  attack  packings  used 
in  hydraulic  systems;  therefore,  special  pack- 
ings are  normally  required  when  these'  fluids 
are  used. 


CONTAMINATION 

Experience  has  shown  that  trouble  in  a  hy- 
draulic system  is  inevitable  whenever  the  liquid 
is  allowed  to  become  contaminated.  Intact,  most 
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manufacturers  and  users  agree  that  a  large 
percentage  of  the  malfunctions  "in  hydraulic  sys- 
tems may  be  traced  to  some  type  of  contaminant 
in  the  hydraulic  flu^d.  The  nature  of  the  trouble- 
whether  a,  simple  malfunction  or  the  complete 
destruction  of  a  component— depends^o  som^ 
extent  on  the  type  of  contaminant. 


Classes  of  Contamination  . 

there  are  many  different  types  of  contam- 
T  inants  which  are  harmful  to  hydraulic  liquids. 
These  contaminants  are  divided  into  two  gen- 
eral classes  and  can  be  distinguished  as  follows: 

1.  Abrasives,  including  feuch  particles  as 
core  sand,  weld  spatter,  machining  chips,  and 
rust/  ' 

2.  Nonabrasives,  including  those  resulting 
from  liquid  oxidation,  and  soft  particles  worn  or 
shredded  from  seals  and  other  organic  compo- 
nents. . 

The  mechanics  of  the,  destructive  action  by 
abrasive  contaminants  is  clear.  When  the  size 
of  the  particles  circulating  in  the  hydraulic  sys- 
tem is  greater  than  the  clearance  betweep  moving 
parts,  the  clearance  openings  act  as  filters  and 
retain  such  particles.  Hydraulic  pressure  then 
embeds  these  particles  into  the  softer  materials, 
and  the  reciprocating  or  rotating  motion  ci  com- 
ponent .parts  develop  scratches  on  finely  fin- 
ished surfaces ,  Such  sc  rat ches  result  in  inte  mal 
component  leakage'  and  decreased  efficiency. 

Liquid- oxidation  products,   usually  called 
sludge,  have  no  abrasive  properties.  Neverthe-  > 
#less,  sludge  may  prevent  prOpfer  functioning  of  a 
hydraulic  system  by  clogging  valves,  orifices, 
aad^filters.  Frequent  changing  of  hydraulic  sys-  & 
tern  liquid  is  not  a  satisfactory  solution  to  the 
contamination  problem.  Abrasive  particles  con-* 
tained  in  the  system  are  not  usually  flushed  out, 
and  new ,  particTes  are  continually  created  as 
friction  products.  Furthermore,  even  a  small 
amount  of  sludge  acts  as  an  effective  catalyst 
to  speed  up  oxidation  x>f  the  fresh  liquid.   (A  * 
^catalyst  is  a  substance  which,  when  added  to 
•another  'substance,  speeds  up  or  slows  dovpa 
chemical  reaction,  but  is  itself  unchanged  at  the  . 

end  of  .the  reaction.)  *         •  < 

t 

Origin  0/  Contaminants 

The  origin  of  contaminants  in  hydraulic  sys- 
en^s  cait  be  traced  to  four  major  areas  as 
follows:      ♦        '  - 


'  1.  Particles  originally  contained  in  the 
system.  These  particles  dHginate  during  the 
fabrication  and  storage  of  system  components. 
Weld,  Spatter  and  slag  may  remain  in  welded 
systepi  components,  especially  in  reservoirs  and 
pipe  assemblies.  The  presence  is  minimizedby 
proper  design.  For  example,  seam-welded 
overlapping  joints  are  preferred,  and  arc  welding 
^>f-open— sections— is  -usually  avoided.  Hidden, 
passages  in  valve  bodies,  inaccessible  to  sand 
blasting  or  other  methods  of  cleaning,  are  the 
main  source  of  introduction  of  core  sand.  Even 
the  most  carefully  designed  and  cleaned  casting 
will  almost  invariably  free  some  sand  particles 
under  the  action  of  hydraulic  pressure.  Rubber 
hose  assemblies  always  contain  some  loose 
particles.  'Most  of  these  particles  can  be  re- 
moved by  flushing  the  hose  before  Installation; 
however,  some  particles  withstand  cleaning  and 
a,re  freed  later  by  the  action  of  hydraulic  pres- 
sure. 

Particles,  of  lint  from  cleaning  rags  can 
cause  abrasive  damage  in  hydraulic  systems, 
especially  to  closely  fitted  moving  parts.  In 
addition,  lint  in  a  hydraulic  system  packs  easily 
into  clearances  between  packings  and  contacting 
surfaces,  leading  to  component  leakage  and  de- 
creased efficiency.  Lint  also  helps  clog  filters 
prematurely.  Rust  or  corrosion  initially  present 
in  a  hydraulic  system  can  usually  be  traced  to 
improper  storage  of  materials  and  component 
parts.  Particles  can  range  in  size  from  large 
flakes  to  abrasives  of  microscopic  dimensions. 
Proper  preservation  of  slbred  parts  is  helpful 
in  eliminating  corrosion. 

2.  .  Particles  introduced  from  out  side 
sources.  Particles  can  be  introduced  into  hy- 
draulic systems  at  ppints  where  either  the  liquid 
or  certain  working  parts  of  the  system  (e.g.,  pis- 
ton rods)  are  at  least  in  temporary  contact  with 
the  atmosphere.  The  most  common  danger  arfeas 
are  at  the-  refill  and  breather  openings,  at  cyl- 
inder rod  packings,  ahd*  at  open  lines  where 
components  are  removed  for  repair  or  replace- 
ment. Contamination  arisingfrom carelessness 
during  servicing  operations  is  minimized  by  the 
use  of  filters  in  the  system  fill  lines  and  finger 
strainers  in  the  filler  adapter  of  hydraulic  reser-y 
voirs.  Hydraulic  ^cylinder  piston  rods  incorpo- 
rate wiper  >ings  and  dust  seals  to  prevent  the 
dust  that  settles'  on  the**  piston  rod  during  its 
outward  stroke  from  entering  the  system  when 
the  piston  rod  retracts.  Caps  and  plug  are  avail- 
able and  should  be  used  to  seal  off  tfre  open  lines 


durmg  the  time  a  component  is  removed  for 
repair  or  replacement. 

3.  Partioles  created  within  the  system  during 
operation.  Contaminants  created  during  system 
operation  are  of  two  general  types-^foechanical 
and  chemical.  Particles  of  a  mechanical  nature 
are  formed  by  wearing  of  parts  in  frictional 
contact,  such  as  pumps,  cylinders,  and  packing 
gland  components.  These  weaT  particles  can 
vary  from  large' chunks  of  packings  down  to 
steel  shavings  of  microscopic  dimensions  which 
are  beyond  the  retention  potential  of  system^ 

— —  filters^„_   

The  major  source  of  chemical  contaminants 
in  hydraulic  liquid  is  oxidation*  These  con- 
taminants are  formed  under  higH  pressure  and 
temperatures,  and  are  promoted  by  the  chemical 
action  of  water  and  air  and  of  metals  like  copper  . 
m  and  iron  oxides.  Liquid-oxidation  products 
appear  initially  as  organic  acids,  asphaltines, 
%  *  gums,  and  varnishes-sometimes  combined  with 
dust  particles  as  Sludge.  Liquid  soluble  oxi- 
dation products  tend  to  increase  liquid  viscosity, 
while  insoluble  types  separate  and  form  sedi- 
ments, especially  on  colder  elements  such  as 
heat  exchanger  coils. 

Liquid*  containing  antioxidants  have  little 
tendency  to  form  gums  and  sludge  under  normal 
operating  conditions.  However,  as  the  tempera- 
s  ture  increases,  resistance  to  oxidation  dimin- 
ishes. Hydraulic  liquids  which  have  been  sub- 
jected to  excessively  high  temperatures  {above 
250°  F  for  most  liquids)  will  break  down  in  sub- 
stance, leaving  minute  particles  of  asphaltines 
suspended  in  the  liquids.  The  liquid  changes  to 
bcown  in  color  and  is  referred  to  as  decomposed 
liquid.  This  explains  the  importance  of  keeping 
the  hydraulic  liquid  temperature  below  Specific 
levels. 

The  second  contaminant  producing  chemical 
action  in  hydraulic  liquids  is  one  which  permits 
these  liquids  to  establish  a  tendency  to  react 
witji  certain  types  of  rubber.  This  reaction 
causes  structural  changes  in  the  rubber,  turning 
it  brittle,  and  finally  pausing  its  complete  dis- 
integration. For  this  reason,  the  compatibility 
of  system  liquid  with  seals  and  hose  material 
is  a  very  important  factor. 

4k  Particles  introduced  by  foreign  liquids; 
One  of  the  most  common  foreign-fluid  contami- 
nants is  water,  especially  in  hydraulic  systems 
which  require  petroleum  base  liquids.  Water, 
which  enters  even  the  most  carefully  designed 
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systems  by  condensation  of  atmospheric  mois- 
ture, normally  settles  to  the  bottom  of  the  reser- 
voir! Oil  movement  in  the  reservoir  disperses 
the  water  into  fine  droplets,  and  agitation  of  the 
liquid  in  the  pump  and  in  high  speed  passages 
forms  an  oil-water-air  emulsion.  Such  emulsion 
normally  .separates  out  during  the  rest  period 
in  the  system  reservoir;  but  when  fine  dust  and 
corrosionyfcarticles  are  present,  the  emulsion 
is  chemically  changed  by  high  pressures  into 
sludge.  The  damaging  action  of  sludge  explains 
the  need  for  effective  filtration,  as  well  as  the 
need  for  water  separation  qualities  in  hydraulic 
liquids,  ,  


Contamination  Control 

Filters  (discussed  in  chapter  7)  provides 
adequate  control  of  the  contamination  problem 
during  all  normal  hydraulic  system  operations. 
Control  of  the  size  and  amount  of  contamination 
entering  the  system  from  any  other  source  must 
be  the  responsibility  of  the  personnel  who  service 
and  "maintain  the  equipment.  Therefore,  pre- 
caution must  be  taken  to  insure  that  contami- 
nation is  held  to  a  minimum  during  service  and 
maintenance.  Should  the  system  become*  ex- 
cessively contaminated,  the  filter  element  should 
be  removed  and  cleaned  or  replaced. 

As  aoaid to exercisingcontamination control, 
the  following  maintenance  and  servicing  pro- 
cedures  should  be  adhered  to  at  alljiimes: 

1  Maintain  all  tools  and  the  work  area 
(work-benches  and  test  equipment)  in  a  clean, 

?dirt-free  condition. 

2  A  suitable  container  should  always  be  pro- 
vided to  receive  the  hydraulic  liquid  .which  is 
spilled  during  component  removal  or  disassem- 
bly procedures.-  .  7 

NOTE:  The  reuse  Of  drained  hydraulic  liq- 
uid is  prohibited  in  some  hydraulic  systems;  for 
example,  aircraft  hydraulic  systems.  In  some 
large  capacity  systems  the  reuse  of  fluid  is 
permitted. .  When  liquid  is  drained  from  the  latter 
systems,  it  must  be  stared  in  a  clean  and  suitable 
container.  This  liquid  must  be  strained  and/or 
filtered  as  it  is  returned  to  the  system  reser- 
voir. " 

3  Before  disconnecting  hydraulic  lfties  or 
fittings,  clean  the  affected  area  with  an  approved 
drycleaning  solvent.  * 

;  4.  AH  hydraulic  lines  and  fittings  should  be 
capped  or  plugged  immediately  after  discon- 
necting. 
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5.  Before  assembly  of  any  hydraulic  com- 
ponents, wash  all  parts  with  an  approved  dry- 
cleaning  solvent. 

6.  After  cleaning* parts  in  drycleaning  sol- 
vent, dry  the  parts  thoroughly  andlubricat^wtth 
the  recommended  preservative  or  hydraulic  liq- 
uid before  assembly. 

— NOTErt^-Use-only clean,— linW  reedoths-to 
wipe  or  dry  component  parts. 

7.  All  packings  and  gaskets  should  be  re- 
placed'during  j£he  assembly  procedures. 

8.  All  parts  should  be  connected  with  care 
to  avoid  stripping  metal  slivers  from  threaded 
areas.  All  fittings  and  lines  should  be  installed 
and  torqued  in  accordance  with  applicable  techni- 
cal* instructions.  • 

9.  All  hydraulic  servicing  equipment  should 
be  kept  clean  and  in  good  operating  condition. 


Contamination  Checl^ 

tyhenever.it  is  suspected  that  a  hydraulic 
system  has  become  excessively  contaminated, 
or  the  system  has  been  operated  at  temperatures 
in  excesi  of  the  specified  maximum,  a  check  of 
\he  system  should  be  made.  The  filters  in  most 
hydraulic  systems  are  designed  to  remove  most 
foreign  particles  that  are  visible  to  the  naked  eye. 
However,  hydraulic  liquid  which  appears,  cleaato 
the  naked  eye  may  bfe  contaminated  to  the  point 
that  it  is  unfit  for  use.  — * 

Thus,  visual  inspection  ofthehwiraulic  liquid 
does  not  determine  the  total  amotmt  of  contami- 
nation in  the  system.  Large  particles  of  im- 
purities in  the  hydraulic  system  are  indications 
that  one  or  more  components  in  the  system  are 
being  subjected  to  excessive  wear.  Isolating 
"the  defective  component  requires  a  systematic 
process  of  elimination.  Liquid  returned  to  the  v 
reservofr  may  contain  impurities  from  any  part 
of  the  system.  In  order  to  determine  which 
component  is  defective,  licfriid  samples  should  be 
taken  from  the  reservoir  and  various  other  loca- 
tions in  the  system. 

FLUID  SAMPLING.— Liquid  samples  should 
be  taken  in  accordance  with  the  instructions  pro- 
vided in  applicable  techri!cal,publicationsforthe 
particular  system  and  the  contamination 'test 
kit.  Some  hydraulic -systems  are  provided  with 
permanently  installed  bleed  valves  for  taking 
liquid  samples;  while  on, other  systems,  lihes 
must  be  disconnected  to  provide  a  place  to  take  ♦ 


a  sample.  *In  either  case,  while  the  liquid  is 
being  taken,  a  small  amount  of  presrore  should 
be -applied  to  the  system.  This  insures  that 
the  liquid  will  flow  out  of  the  sampling  point 
and  thus  prevent  dirt  and  other  foreign  matter 
from  entering  the  hydraulic  system.  Hypoder- 
mic syringes  are  provided  with  some  contami-  , 
nation  test  kits  for  the"  purpose  of  taking  sam- 
ples. 

CONTAMINATION  TESTING.-Various  pro- 
cedures are  recommended  to  determine  the 
contaminant  level  in  hydraulic,  liquids.  The 
filter  patch  test  provides  a  reasonable  idea  of 
the  condition- of  the^  fluid.  This  test  consists 
basically  of  filtration  of  a  sample  of  hydraulic 
system  liquid  through  a  special  filter  paper. 
This  filter  paper  darkens  in  degree  in  relation 
to  the  amount  of  contamination  present  in  the 
sample,  and  is 'compared  to  a  series  of  stand- 
ardized filter  discs  which,  by  degree  of  darken- 
ing, indicates  the  various  contamination  levels. 
The  equipment  provided  vtitimk  type  of  contami- 
nation test  kit  is  illustrated  in  figure  3-2. 

"  When  uWfiffg  this  liquid  contamination  test  Ut, 
the  liquid  samples  should  be  poured  through  the 
filter  disc  (shown  in  figure  3-2),  and  the  test 
filter  patches  should  be  compared  with  the  test 
patches  supplied  with  the  test  kit.  A  microscope 
ig  provided  with  the  more  expensive  test  kits 
for  the  purpose  of  making  this  comparison.^ 
Figure  3-3  shows  test  patches  similar  to  those 
supplied  with  the  testing  kit..  t 

To  check  liquid  for  decomposition,  pour  new 
hydraulic  liquid  into  a  sample  bottle  of  the  same 
-  size  and  color  as  the  bottle  containing  the  liquid, 
to  be  checked.  Visually  compare  the  color  of 
the  two  liquids.  Liquid  which  is  decomposed 
will  be  darker  in  color. 

At  the  same  tfme  the  contamination  check  is 
made,  it  may  be  necessary  to  make  a  chemical 
analysis  of  the  liqdid. ,  This  analysis  consists 
of  a  viscosity  check,  a  moisture  check,  and  a 
flashpoint  check.  However,  since  special  equip- 
ment is  required  for  thesfc  checks,  the  liquid 
samples  must  be  sent  to  a  laboratory,  where  a 
technician  will  perform  the  te§t. 

System  ^flushipg      .  .  '  . 

Whenever  a4  contamination  check  indicates 
impurities  in  the  system  or  indicates  decompo- 
sition of  the  hydraulic  liquid,  the  hydraulic  sys- 
tem must  be  flushed. 
♦ 
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FILTER  PAPER  BtSKS  (Whotmgn  No.  40) 
GOOC*  CRUCIBLE 


.-RUBBER  CRUCIBLE  HOLDER 


POLYETHYLENE 
WASHING  BOTTLE 


FLUID  SAMPLE  BOTTLE  REFERENCE  FILTER  PATCH 

Figure  3-2.— liquid  contamination  test  kit. 
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NOTE:    The  presence  of  foreign  particles 
in  the  hydraulic  system  indicates  a  possible 
t  component  maifunction,  which  ^hauld  be  cor- 
rected prior  to  flushing  the  system, 

A  hydraulic  system  in  which  the  liquid  is 
contaminated  should  be  flushed  in  accordance 
with  current  applicable  technical  instructions. 
Flushing  procedures  are  normally  recommended 
by  the  manufacturer  and  approved  by  the  Navy. 
The  procedure  varies  with  different  hydraulic 
systems.  The  following  procedures  for  flushing 
hydraulic  power-transmission  systems  used 
witfr  naval  ordance  are  covered  in  NavOrd  OD 
3000,  Lubrication  of  Ordance  Equipment. 


Drain  out  as  much  of  the  contaminated  liquid 
as  possible.  Drain  valves  are  provided  in  some 
systems  for  this  purpose;  while  on  other  sys- 
tems, lines  and  fittings  must  be  disconnected  at 
the  low  points  of  the  system  to  remove  any 
trapped  fluid  in^Bje  lines  and  components. 
Close  all  the  connections  and  fill  the  system 
with  the  applicable  flushing  medium.  Any  of 
the  hydraulic  liquids  approved  for  use  in  power- 
transmission  systems  may  be  used  for  flushing 
purposes.  In  the  interest  of  economy,  however, 
either  used  or  reclaimed  liquids  should  be  used 
for  flushing,  provided  they  are  clean  and  free  of 
water  and  insoluble  contaminants  and  do  not  con- 
tail*  acids  resulting  from  oxidation  of  the  liquids. 
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FILTER  BOWL  SAMPLE 


I.    Discolor* tion  as  dark  ar  or  darksr  than  refer- 
•nca  dlak. 

2     Mor«  than  2  MTtal  chips  larger  than  0,01  inch 
in  dia-1 tar.  \  (About  si**,  of  *narp  psncil  dot.) 

3..    Mora  than  25  viry  fins  but  visibls  -et.l  particles. 


yl.    Discoloration  as  dark  as  or  darker  than  refer- 
ence disk. 

2'.    More  than  1  Mtal  chip  larger  thai  0,01  inch 
in  diaseter.  (About  size  of  sharp  \wncil  dot.; 
*  4 
3.    More  than  10- vary  fine  but  visible  setal  particles. 

FP.35 

Figure  3-3,-Hydraulic  liquid  con- 
tamination test  patches. 


CAUTION:  Diesel  fuel  oil  must  not  be  used 
)for  flushing  hydraulic  systems  in  active  ser- 
vice, because  of  its  poor  lubricating  qualities 
and  its  contaminating  effect  on  the  subsequent 
fill  of  hydraulic  liquid. 

While  being  flushed  with  an  approved  hy- 
draiilic  liquid,  power-transpaission  systems  can 
be  operated  at  full  load  to  (raise  the  temperature 
of  the  liquid.  Immediately  iQUopring the  warming 
operation,  the  system  shou&Kb^drained  by 
opening  all  dcain  ouUets  and  disconnecting  the 
hydraulic  lines  to  remove  as  mucto  of  the  flush- 
ing medium  as  possible.  All' filter  elements, 
screeps,  and  chambers  should  be  cleaned  with 
new  fluid  prior  to  filling  the  system  with  the 
required  service  liquid. 


'CfAUTION:  *  Tffe  tfyStem  should-  riot  oper- 
ated while  or  after  draining  the  liquid. 

W  Power-transmission    systems    and   their  * 
interconnected  hydraulic  controls  whose  inner 
surfaces  have  been  inactivated  and  treated  with  % 
a  corrosion  prevention  or  p&s?rvation  com- 
pound must  be  flushed  to  remove  the  compound L , 
The  latest  current  instructions  for  Slushing  and^ 
other  operations  required  to  jreacTivaTe  ar- 
ticular system  must  be  strictly ,  followed  to 
prevent  damage.  \ 

Some  hydraulic  systems  are  fiyshedby 
forcing  new  liquid  into  the  system  under  pres- 
sure, forcing  out  the  contaminated  or  decom- 
posed liquid. 

Hydraulic  liquid  which  has  been  cpntaminated 
"by  continuous  use  in  hydraulic  equipment  or  has 
been  expended  as  a  flushing  medium  must  npt 
be  used  again,  but  should  be  discarded  in  ac- 
cordance with  prevailing  instructions. 

CAUTION:  Never  permit  high-pressure  air 
to  be  in  direct  contact  witlv  petroleum  base 
liquids  in  a  closed  system,  because  of  the  danger 
of  ignition.  If  gas-pressure  is  needed ina  closed 
system,  nitrogen  or  some  other  inerf gas  should 
be  used.  ' 

\      PNEUMATIC  GASES 
•  ^ 

Gases  serve  the  same  purpose  in  pneu- 
matic systems  as  liquids  serve  in  hydraulic 
systems.  Therefore,  many  of  the  same  quali- 
ties that  are  considered  when  selecting  a  liquid 
for  a  hydraulic  system  must- be  considered  when 
selecting  a  gas  for  a  pneumatic  system. 

QUALITIES    ,  ^ 

'  The  ideal  fluid  medium  for  a  pneumatic 
system  must  be  a  readily  available  gas  that  is 
nonpoisonous,  chemically  stable,  free  from  any 
acids  that  cause  corrosion  of  system  compon- 
ents, and' nonflammable.  It  should  be  a  gas  that 
will  not  support  combustion  of  other  elements. 

The  viscosity  of  gases  is  not  a  erf  ical  qual- 
ity to  consider  in  the  selection  of  a  medium  for 
pneumatic  systems.  However,  it  should  be  noted 
that,  unlike  liquids,  the  viscosity  of  gases  in-v 
creases  as  the  temperature  increases  and  de- 
creases as  the -temperature  decreases. 

Gases  that  have  these  desired  qualities'  do 
not  have  the  required  lubricating  power.. There- 
fore, lubrication   of  the   components   of  a 
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pneumatic  system  must  be  arranged  by  other 
means.  For  example,  air  compressors  are  pro- 
vided with  a*  lubricating  system*  and  compo- 
nents are  lubricated  upon  installation  or,  in? 
_  some,  oases,  lubrication  is  introduced  into  the 
air  ^Hpply  line.    #  * 

TYPICAL  GASES  USED 

*The  two  most  common  -gases  used  in  pneu- 
matic systems  are  compressed  air  and  nitro- 
gen. n 
NOTE;  Compressed  air  is  a  mixture  or  all 

""otheF  gases  ncontainednn-the-atmosphere -gow  

ever,  in  this  manual  it  is  referred  to  as  one  of  . 
the  gases  used  as  a  fluid  medium  in  pneumatic  . 
systems. 

Compressed  Air 

-  The  unlimited  supply  of  air  and  the  ease  of 
compression  make  conipressed  air  the  most 
widely  used  fluid  for  pneumatic  systems.  Al~ 
though  moisture  and  solid  particles  must  be  • 
removed  from  the  air,  it  does  not  require  the 
extensive  distillation  or  separation  process  re- 
quired in  the  production  of  other  gases. 
iA  Compressed  air  has  .  most  of  the  desired 

X         properties  and  characteristics  of  a  gas  for 
pneumatic  systems.  It  is  nonpoisonous  and  non- 
-flammable but  does  contain  gases,  such  as 
oxygen,  which  support  combustion.  .One  of  the 
ipost  undesirable  qualities  of  compressed  air 
*  as  a  fluid  medium  for  pneumatic  systems  is 
/moisture  content.    The  atmosphere  contains 
/  varying  amounts  of  moisture  in  vapor  fdrm, 
/  the  amount  depending  upon  geographic  locations 
and  weather  conditions.  Changes  in  temperature 
of  compressed  air  will  cause  condensation  of 
moisture  in  the  pneumatic  system.  ThiS  con- 
densed moisture  is  very  harmfuj  to  the  system 
as  it  increases  the  formation  of  rust  and  cor- 
rosion, dilutes  lubricants,  and  may  freeze  in 
lines  and  components  during  cold  weather.  Most 
pneumatic  systems  employ  devices  for  the  re- 
moval of  moisture.  These  component^  are  de- 
scribed in  chapter  7.  ^ 

The  supply  of  compressed  air  at  the  required 
volume  andsjpressure  is  provided  by  anaircom- 
*  pressor.  Income  systems  the  compressor  is 
part  of  the  system  vftth  distribution  lines  leading 
from  the  compressor  (receiver)  to  the  devices 
to  be  operated.  Other  systems  receive  their 
'  supply  from  cylinders.  However,  the  cylinders 


must  be  charged  (filled  to  the  required  pres- 
sure) at  a  centrally  located  air  compressor 
and  then  connected  to  the  system. 

Nitrogen 

For  all  practical  purposes,  nitrogen  is  con- 
sidered to  be  an  inert  gas.  (Inert  is  define**  as 
chemically  inactive;  not  corhbirtog  wtfh  other 
chemicals.)  It  is  not  completely^ert  like  he- 
lium or  argon,  for  there  are  many  nitrogen 
compoynds,  such  as  nitrate  used  in  fertilizers 
and  explosives.  However,  nitrogen  is  very  slow 
to-combine  chemically  with  other  elements  under 
normal  conditions.  Nitrogen,  as  a"  gas,  supports 
no  fires,  no  living  things,  and  causes  no  rust 
or  decay  of  most  of  the  things  with  which  it 
comes  in  contact.  Due  to  these  qualities,  its 
use  is  preferred  over  compressed  air  in  many, 
pneumatic  systenyf,  especially  aircraft  and 
missile  systems. 

Nitrogen  is  obtained  by  the  fractional  dis- 
tillation of  air.  In  many  cases,  nitrogen  is 
obtained  as  a  byproduct  of  jjxygen-producing 
plants".  Such  plants  are  located  at  many  of  the 
Navy's  installations  ashore.. In  addition,  some 
ships,  particularly  aircraft  carriers,  are  equip- 
ped with  oxygen/nitrogen  plants.. 

A  combination  of  nitrogen  and  compressed' 
air  is  used  in  some  pneumatic  systems.  Com- 
pressed nitrogen  is  supplied  from  cylinders, 
while  a  compressor  provides  compressed  air  to 
replenish  any  expended  nitrogen  and  maintains 
the  pneumatic  system  at  the  required  pressure. 

'  POTENTIAL  HAZARDS  ' 

All  compressed  gases  are  hazardous.  Com- 
pressed air  and  nitrogen  are  neither  poisonous 

•  nor  flammable,  but  should  not  be  handled  care- 
lessly. Some  pneumatic  systems  operate  at 
pressures  exceeding  3,000  psi.  Lines  and  fit- 
tings have  exploded  injuring  personnel  and 
property.  Literally  thousands  of  carets  men 
have  blown  dust  or  harmful  particles  into  their 
eyes  by  the  careless  handling  of  compressed 

air  outlets.  m 

Nitrogen  gas  will  not  support  life,  and  wnen 

•  released  in  a  confined  space  will  cause  asphyxia 
(the  loss  of  consciousness  as  a  result  of  too  lit- 
tle oxygen  and  too  much  carbon  dftxid^'  in  the 
blood)  Because  compressed  air  and  nitrogen 
seem  so  safe  in  comparison  withotherigases,  do 
not  let  overcorifidence  lead  to  personal  injuryy 
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When  handling  gas  cylinders,  always  abide 
by  the  color  cocle  on  the  cylinders.  For  example, 
a  cylinder  must  not  be  charged  with  a  gas  other 
than  that  so  indicated  by  the  color  code.  The 
color  codes  for  compressed  air  and  nitrogen 
cylinders  are  as  follows.  >  Cylinders  for  com- 
pressed,air  are  painted  black.  Cylinders  con- 
taining oil  pumped  air  have  two  green  stripes 
painted  around  the  top  of  the  cylinder,  while 
cylinders  containing  water  pumped  air  have  one 
green  stripe.  Nitrogen  cvltyiders  are  painted 
gray.  One  black  stripe  identifies  those  cylin-^, 
ders  for  oil  -pumped  nitrogen,  and  two  black^ 
stripes  identify  'those  cylinders  for  water 
pumped  nitrbgen..  In  addition  to  these  color 
codes,  the  exact  identification  of  the  contents 
is  printed  in  two  locations  diametrically  op- 
posite and  parallel  to  the  .longitudinal  axis  to 
the  cylinder.  For  compressed  air  and  nitrogen 
cyliri&ers,  the  lettering  is  in  white. 

NOTE:  Oil  pumped  indicates  that  the  air  or 
nitrogen  is  compressed  by  an  oil  lubricated  com- 
pressor. Air  or  nitrogen  compressed  byawat^r 
lubricated  (or  -  nonlubricated)  compressor  is 
referred  to  as  water  pumped.  Oil  pumped  nitro- 
gen can  be  very  dangerous  in  certain  situations. 
For  example,  nitrogen  is  commonly  used-  to 
'purge  oxygen  syktems.  Oxygen  will  not  burn, 
but  it  supports  arifTaccele rates  combustion  and 
will  cause  oil  to  burn  easily  and.  with  great 
intensity.  Therefore,  oil  puipped  nitrogen  -must 
never  be  used  to  pui^e  oxygen  systems.  When 
the  small  amount  of  oil  remaining  in  the  nitro- 
gen comes  in  contact  with  the  oxygeA,  An  ex- 
plosion may  result.  In  all  situations,  use  only 
that,  gas  specified  by  the  manufacturer  and/or 
recommended  by  the  Navy. 

CONTAMINATION  CONTROL  '  >. 

o  Like  hydraulic  systems,  fluid  contamination 
is  also  a  leading  ckuse  of  malfunctions  in  pnett- 
matic  systems.  In  addition  to  the  solid  parti- 
cles of  foreign  matter  which  find  a  way  to 
enter  the  system,  there  is  also  the  problem  of 
moisture,  as  mentioned  previously.  Most  sys-' 


terns  are  equipped  with  one  or  more  devices  to 
renjpve  this  contamination.  These  include  fil- 
ters, water  separators,'  and  chemical  driers, 
which  are  discussed  in,  chapter  7.  In  addition/ 
most  systems  contain  drain  valves  at  critical 
low  points  in  the  system.  These. valves  are  « 
opened  periodically  allowing  the  escaping  gas 
to  purge  a  large  percentage  of  the  contamin- 
ants, botji  solids  and  moisture,  from  the  system. 
In  some  systems  these  valves  are  opened  and 
closed  automatically,  while  in  ethers  they  must 
be  operated  manually. 

Complete  purging  is  accomplished  by  re- 
*  moving  lines  from  various  compOff&nts  through- 
out the  system  and  then  attempting  to  pressurize 
the  system.  Removal  of  the  lines  will  cause  a 
high  rate  *of  airflow  through  the  system.  The 
airflow  will  cause  the  foreign  matter  to  be  ex- 
liausted  from  the  system. 

NOTE:  If  an  excessive  amount  of  foreign 
'matter,  particularly  oil,  is  exhausted  from  any 
one  system,  the  lines  and  components  should  be 
removed  and  cleaned  or  replaced. 

Upon  the  ^pmpletion  of  pneumatic  ^system 
purging  and  after  reconnecting  all  the  system 
component*,  -  the  system  drain  valves  should  be 
opened  to  exhaust  any. moisture  or  impurities 
which  may  have  accumulated.  After  all  drain 
valves  are  closed,  the  system  should  be  serv- 
iced with  the  approved  ps,  usually  nitrogen  or 
compressed  air.  The  system  should  then  be 
'  given  a  thorough  operational  check  and  an  in- 
spection for  leaks  an9  security. 

History  has  indicated  that  the  development  of 
fluid  power  and  its  mechanical  equipment  goes 
hand  in -hand  with  the  development  of 'specific 
fluids  for  each  application.  Past  breakthrough^ 
in  high-temperature  fluids  havfe  shown  that, 
when  future  equipment  requires  fluid,  power, 
satisfactory  systems  and  fluids  will  be  avail- 
able. For  example,  hot  gas  fluid  power  systems 
have  been  developed  and  are  currently  used  in' 
missile  and  space*  vehicles.  The  hot  gases  are 
obtained  by  bleeding  off  the  main  rocket  engine 
or  using  a  solid  or  liquid  propellent  gas  gen- 
erator. 
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CHAPTER  4 
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In  order  to  transmit  and  control  power 
through  pressurized  fluids,  an  arrangement  of 
interconnected  components  is  required.  Such 
an  arrangement  is  commonly  referred  to  as  a 
system.  The  number  and  arrangement  of  the 
components  vary  from  system  to  system,  de- 
pending upon  the  particular  application.  Inmany 
applications^  one  paain  system  supplies  power 
to  several  -  subsystems,  which  are  sometimes 
referred  to  as  circuits.  The  complete  system 
may  be  a' small  compact  unit;  more  often,  how- 
ever, the  components  are  located1  at  widely 
separated  points  for  convenient  control  and 
operation  of  the  system. 

Regardless  of  the  arrangement  of  the  com- 
ponents, it  is  difficult,  if  not  impossible,  to 
understand  the  operation  and  interrelationship 
of  the  CQmponents  simply  observing  the  op- 
eration of  the  system.  This  knowledge  is 
required  to  effectively  troubleshoot  and  main- 
tain a  fluid  power  system.  As  an  aid  for  per- 
sonnel who  must  maintain  fluid  power  equip- 
ment, at  least  one  system  or  circuit  diagram 
is  usually  provided  in  the  applicable  technical 
publication.  By  utilizing  the  applicable  diagram,  • 
the  path  of  fluid  may  be  traced  through  the 
operation  of  the  system.., Thus;  these  diagrams 
are  valuable  assets,  in  diagnosing  the  cause  of 
malfunctions  in  fluid  power  systems. 

The  first  part  of' the  chapter  describes  the 
function  of  the  components  of  a  basic  fluid 
power  system.  Included  in  this  Section  are  des- 
criptions.  and  Illustrations  denoting  the  differ- 
ences between  closed-center  and  open-center 
fluid  power  systems.  The  next  part , of* the 
chapter  covers  information  concerning  the  dif- 
ferent types  of  diagrams  used  to  illustrate  fluid 
power  circuits,  including  some  of  the  symbols 
used  to  depict  fluid  power  components  on  dia- 
grams. The  last  part  of  tfre  chipter  describes 
and  illustrates  some  ofthe  applications  of  basic 
fluid  power  systems. 


COMPONENTS  OF  A  BASIC  SYSTEM 

The  basic  components^  a  fluid  power  sys- 
tem are  essentially,  tye  -same,  regardless  of  • 
whether  the  system  employs  a  hydraulic  or  a 
pneumatic  medium.  There  are  five  basic  com- 
ponents used  irf  a  system.  These  ba^ic  compo- 
nents are  as  follows:  K 

1.     Reservoir  or  receiver.  .  / 

•2.     Pump  or  compressor^. 

3.  Lines  (pipe,  tubing,  or  flexible  hose). 

4.  Directional  control  valve. 

5.  Actuating  device. 

The  term  RESERVOIR  is-  associated  with 
hydraulic   systems  and  the  term  RECEIVER 
with  pneumatic  systems.  The  primary  purpose 
of  a  reservoir  or  receiver  is  to  provide  a  stor- 
age space  for  fluid  used  in  the  respective 
systems.  The  two  components,  however,  differ 
in  some  respects.  In  the  case  of  th^  receiver, 
a  volume  of  fluid  (gas)  is  stored  underpressure 
and  is  supplied  to  the  pneumatic  system  as  • 
needed  to- operate  the.system.  Thepressure  of 
the  gas  provides  the  flow  and  force  required  to 
operate  the  system.  After  the  gas  is  used  for 
an  operation,  it  is  exhausted  to  the  atmosphere 
and  a  new  supply  of  fluid  is  compressed' in  the 
receiver.  In  converse,  the  fluid  in  most  hyT 
draulic  reservoirs  is  not  pressurized.  Although 
some  hydraulic  reservoirs  are  pressurized, 
this  pressure  does  not-  supply  the  force  to  op- 
erate  the  system  but  is  limited:  to  the  amount 
necessary  to  insure  a, supply  of  fluid  to -the 
hydraulic  pump  at"  all  femes.  In  addition,  the 
fluid  of  a  hydraulic  system  is  used  over  and 
over  again,  flowing  from  the  reservoir  Ho  the 
other  components,  back  to  the  reservoir,  tCUhe 
components,  etc.  Therefore,  a  well  designed 
reservoir  also  serves  as  a  heat  exchanger  to  con- 
trol the  temperature  of.  the  Quid  and  as  a  place 
to  filter  and  clean  the  fluid.  Reservoirs  and  re- 
ceivers are  discussed  in  detail  in  chapter  7.  . 
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A  fluid  power  system  requires  a  power  unit 
to  convert  mechanical  energy  into  fluid^nergy. 
•In  pneumatic  systems,  this  unit  is  reared  to 
as  a  COMPRESSOR,  while  in  hydraulic  systems, 
this  unit  is  called  a  PUMP.  Like  the  reser- 
voirs and  receivers  discussed  in  tfce  preceding 
paragraph,  the  pump  and  compressor  differ  in 
some  respects,  fhese  differences  and  detailed 
information  concerning  the  types  and  operation 
of  pumps  and  compressors  are  covered  in 
chapter'  8  of  this  training  manual.  Basically, 
the  compressor,  which  is  driven  by  some  out- 
side power  source,  compresses  the  fluid  (gas) 
iri  the  receiver.  The  hydraulic  pump,  .also  driven 
by  &  outside  power  source,  provides  a  flow  of 
fluia  to  a  hydraulic  system. 

The  LINES  are  the  medium  for  transmitting 
tfee  fluid  from 'one  component  to  another.,  this 
is  normally  accomplished  by  using  pipS,  tubing, 
or  flexible  hose  for  interconnecting  reservoirs 
to  pumps,  pumps  to  valves,  valves  to  cylinders, 
etc:  The  different  types  of  fluid  lines  and  con- 
nectors ac§  covered  in  chapter  5. 

The  DIRECTIONAL  CONTROL  VALVE  (also 
referred  to  as  a  selector- valve)  is  a  device 
which  directs  -  a  flow  of  fluid  tb  and  from  the 
actuating  device.  Some  of  the  most  common 
types  of  directional  control  valves  and'tljeir  ap* 
plications  are  described  and  ,  illustrated <  in 
chapter  11.  * 

The  ACTUATING  DEVICE  of  a  fluid  power , 
system  is  that  component  which  converts  th©v' 
fluid  pressure^  into  useful  work.  Actuators  per- 
form the  opposite  function  of  hydraulic  pumps 
and  *  pneumatic  compressors  in  that  they  con- 
vert    fluid   energy  into  ntfechanical^  energy.  - 
Common  types  of  actuating  devices  ai*e  the  cyl- 
inder,, which    provides    linear    motion,  and 
motors,  which  provide  rotarj  motion.  The  types 
^  and  operation  of  actuating  devices  are  Covered 
in  chapter  12. 

These  five  basic  components,  when  combined 
into  one  unit,  are  the  basis  for*  a  fluid  power 
system.  An  example  of  a  basic  hydraulic  sys- 
tem is  illustrated  in  figure  4-1.^ 

The  flow  of  fluid  can  be  traced  readily  from 
the  reserVbir  through  the  pump  to  the  direc- 
tional control  valve.  With  the  control  valve  in 
the  UP  position,  as  shown,  the  flow  of  fluid 
provided  by  the  pupip  flowfe  through  the  valve  - 
to  the  right-hand  end  of  the  actuating  cylinder. 
Fluid  pressure  then  forces  the  piston  to  the 
left  .and,  tat 'the  same  time,  the  fluid  oh  the  left- 


side of  the  piston  is  forced  out  of  the  cylinder, 
through  the  control  valve,  a$d  back  to  reser- 
voir thi*6ugh  the  return  line.  • 


RESERVQlR 


RETURN  LINE 


CONTROL  VALVE  IN 
'DOWN''  PO'SITION 

CONTROL  VAlVl  IN 

1"UP:'  POSITION 

WORKING  UNES  ' 


ACTUATING  ONIT 


FP.36 


Figure  4-1. -Basic  hydraulic  system, 
hand  pump  operated. 

When*  the  control  valve  is  moved  to  the 
DOWN  position,  as  shown  ih  the  insert  of 
figure  4U,  the  fluid  flows  from  the  pump 
*  through  the  control  valve  to  the  left  side  of  the 
actuating  cylinder,  thus  reversing  the  prdcess.. 
Movement  of  the  piston  can  be  stopped  at  any 
time  simply  by  moving  the  control  *alve  to 
neutral*.  In  this  position,  all  four  ports  are* 
closed  and  pressurized  fluid  is  trapped  in  both 
working  lines. 

The  example  shown  in  figure  4-1  could  very 
wejl  represent  a  basic  pneumatic  system  by 
replacing  the  reservoir  with  a  receiver  and  the 
pump  with  a  compressor  and  reversing  their 
positions  in  the  system.  Thus  the  fluid  would 
flow  from  the  compressor  into  the  receive*  and 
from  the  receiver  to  the  control  valve.  The  re- 
turn fluid  from  the  actuating  cylinder  is  ex- 
hausted from  the  control  valve;  therefore,  the 
return  line,  as  shown  in  figure  4-1,  is  not  re- 
quired in  a  pneumatic  system. 
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This  basic  system  is  one  from  which  any  ' 
system  can^be  derived.  Tlie  hand  pump  may  be 
replaced  with  a  power  pump  and  the  actuating 
device  may  be  a  motor..  Additions  "may  be  ad- 
ded for  .the  purposes  of  providing  additional 
sources  of  power,  operating  additional  cylin- 
ders, making  operation  more  automatic,  or  in- 
Creasing  reliability;  but  these  additions  are  all 
made  on  the  framework  of  the  basic  system^ 

With  the  addition  of  a  few  components,  a 
basic  system  can  be  improved  into  a  more 
workable  system.  Figure  4-2  shows  a  basic 
system  with  the  addition  of  a  po^er-driven 
pump  and  the  following  essential  components: 
Filter,  oressure  regulator,  accumulator,  pres- 
sure gage,  relief  valve,  and  two  check  valves/ 
The  functions  of  each  of  these  components  are 
briefly  explained  in  the  following  paragraphs. 
Detailed  inform atiori  concerning  the  types,  con- 
struction, and  operating  features  of  these  com- 
ponents are  described  later  in  this  manual. 

The  FILTER  removes  foreign  particles  from 
the  fluid,  preventing  dust,  grit,  and  other  unde- 
sirable matter  from  entering  the  system. 

The  purpose  of  the  PRESSURE  REGULATOR 
is  to  Unload  or  relieve  the  power-driven  pump 
when  the  desired  pressure  in  the  system  is 
reached.  It  is  therefore  often  referred  to*  as  an 
unloading  valve.  When  the  pressure  in  the  sys- 
tem.builds  up  to  the  desired  point,  a  valve  in 
the  pressure  regulator  opens  and  fluid  from  trie 
pump  is  bypassed  back  to  the  reservoir.  'The 
bypass  line  is  shown  if  figure  4-2  leading  from 
the  regulator  to  the  reservoir.  At  the  same  time, . 
'  the  pressure  in  the  remainder  of  the  system  is 
maintained  at  the  desired  pressure.  When  this 
pressure  drops,  due,  to  the/operation  of  an 
actuating^anjr  or  internal  or  eternal  leakage, 
the  valve  lab  the  regulator  closes,  allowing  the 
pressure  rin  the  system  to  build  up  to  the  de- 
sired amount. 

Many  fluid  power  systems  do  not  use  a  pres- 
sure regulator,  but  have  other  means  of  un- 
loading the  pump  and  maintaining  system 
pressure.  Such  methods  are  described  later  irf 
this  manual.  . 

The  ACCUMULATOR  serves  several  pur- 
poses in  a  hydraulic  system."  It  serves  as  a 
cushion  orShock  absorber  by  absorbing  pressure 
surges  in  the  system,  and  it  stores  enough 
fluid  under  pressure  to  provide  for  emergency 
operation  of  certain  actuating  units.  It  is  de- 
signed with  a  compressed-air  (or  nitrogen) 


1.  Reservoir.  -7.  Hand  pump. 

2.  Power  pump.  8.  Pressure  gage. 

3.  Filter.     <    *  9.  Relief  valve. 

4.  Pressure  regulator.  10.  Control  valve 

5.  Accumulator.  11.  Actuating  deyice. 

6.  Check  valves.  { 

^  FP.37 

Figure  4-2.— Basic  system  with  addition  of 
power  pump  and  other  components. 


chamber  separated  from  'the  hydraulic  fluid  by 
a  flexible  diaphragm,  synthetic  "rubber  bladder, 
or  movable  piston. 

The  PRESSURE  GAGE  indicates  the  amount 
of  pressure  in  the  system. 
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The  RELIEF  VALVE  is  a  safety  valve  in- 
stalled in  the  system  so  that  fluid  \s  bypassed 
through  the  valve  back  to  the  reservoir  in  case 
excessive  pressure  is  built  .up  in  the  sj&stem. 

CHECK  VALVES  allow  the  flow  of  fluid  in 
orte  direction  only.  There  are  numerous  check 
valves  installed  at  various  points  in  most  fluid 
power  systems.  A  careful  study  of  figure  4-2 
will  reveal  why  the  two  check  valves  are  nec- 
essary in  the  system.  (The  arrow  on  each 
check  valve  points  toward;the  direction  of  free 
flow.)  One  check  valve  prevents  power-pump 
pressure  from  entering  the  hand,  pump  line; 
the  other  prevents  hand-pump  pressure  from 
being  directed  to/ the  accumulator.  In  a  sys- 
tem of  this  type/  the  power  pump  is  used  in 
the  normal  operation  of  the  system.  The  hand 
pump"  serves  as  an  emergency  means  of  op- 
erating the  system  in  case  of  pow^r  pump  fail- 
ure. The  hand  pump  may  als<^  be  used  as  a 
means  for  checking  and  troubleshooting  many 
of  the  components  of  the  system. 

In  the  system  described  in  the  preceding 
paragraphs^  the  fluid  in  the  system  from  the 
pump  (or  regulator)  to  the  directional  control 
valve  is  under  pressure  when  the  pump  is  op- 
erating. Arty  number  of  subsystems  may  be 
.incorporated  in  such  a  system  with  a  separate 
directional  control  valve  for  ea<jh  subsystem. 
The  directional  control  valves  are  arranged  in 
parallel  whereby  system  pressure  acts  equally 
on  all  control  valves.  This  type  system  is  re- 
ferred to  as  a  closed-center  system* 

Another  type  of  system  which  is  sometimes 
used  in  hydraulically  operated  equipment  is  the 
open-center  system.  An  open-center  system  is 
one  having  fluid  flovr,  but  no  pressure  in  the 
system  when  the  actuating  mechanism*  are  idle. 
The  pump  circulates  the  fluid  from  the  reser- 
voir, through  the  directional  control  valves,  and 
back  to  the  reservoir.  (See  fig.  4-3  (A).)  Like 
the  closed-center  system,  the  open-center  sys- 
teip  may  employ  any  number  of  subsystems 
with  a  directional  control  valve  for  each  sub- 
system. Unlike  the  closed-center  system,  the 
directional  control  Valves  of  an  open-center 
system  are  always  connected  in  series  with 
each  other,  an  arrangement  whereby  the  system 
pressure  line  goes  through  each  directional  con- 
trol valve.  Fluid  is  always  allowed  free  pas- 
sage through  each  control  valve  and  back  to  the 
reservoir  until  one  of  the  control  valves  is 
positioned  to  operate  a  mechanism. 


SUCTION     M«5U«  RETURN 


(B) 


FP.38 


Figure  4-3.— Basic  open-center 
,  ^hydraulic  system. 


When  one  of  the  directional  control  valves 
is  positioned  to  operate  an  actuating  device,  as 
shown,  in  view  (B)  of  figure '4-3,  fluid  is  di- 
rected from  the  pump  through  one  of  the  work- 
ing lines  to  the  actuator.  With  the  control  valve 
in  this  position,  the  flow  of  fluid  through  the 
valve  to  the  reservoir  is  blocked.  Thus,  the 
pressure  of  the  fluid  builds  up  in  the  system  to 
overcome  the  resistance  and  moves  the  piston 
of  the  actuating'  cylinder.  The  fluid  from  the 
other  end  of  the  actuator  returns  to  the  control 
valve*  through  the  opposite  working  line  and 
flows  back  to  the  reservoir. 

Several  different  types  of  directional  control 
valves  are  used  in  conjunction  with  the  open- 
center  system.  One  type  is  the  manually  en- 
gaged and  manually  disengaged.  After  this  type 
valve  is  manually    moved   to    an  operating 
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^josxticm  and  ihe  jLCjtuatipgL  mec.hanisr/  reaches 
the  *nd  of  its  operating  cy.cle,  pump  output  con- 
tinues until  the  system  relief  valve  "setting  is 

•reached.  The  relief  valve  then  unseats  and  al- 
lows the  fluid  to  flow  back  to  the  reservoir 
The  system  pressure  remains  at  the  pressure 
setting  of  the  relief  valve  until  the  directional 
control  valve  is  manually  returned  to  the  neu- 
tral position.  Tins'  action  reopens  the  open- 

*  center  flow  and'  allows  the  system  pressure  to 
drop  to  line  resistance  pressure. 

Another  type  of  open-center  directional  con- 
trol valve  is  the  manually  engaged  and  pressure 
disengaged.'  This  type  valve  is  similar  to  the 
valve  discussed  in  the  preceding  paragraph; 
'however,  when  the  actuating  mechanism  reaches 
the  end  of  its  cycle  and  the  pressure  continues 
to  rise  to  a  predetermined  pressure,  the  valve 
automatically  returns  to  the  neutral  position 
and,  consequently,  to  open-center  flow. 

One  of  the  advantages  of  the  open-center 
system  is  that  the  continuous  pressurization  of 
the  system  is  eliminated.  Since  the  pressure  is 
gradually  built  up  after  the  directional  control 
valve  is  moved  to  an  Operating  position,  there 
is  very  little  shock  from  pressure  surges. 
This  provides  a  smooth  operation  of  the  actu- 
ating mechanisms;  howfever,  the  operation  is 
'slower  than  the  closed-denter  system  in  whichr 
the  pressure  is  available  the  moment  the  direc- 
tional control  valve  is  positioned.  Since  most 
applications  require  insd 
closed-center  systems  ai 
used. 


itaneous  operation, 
the  xridst  widely 


CIRCUIT  DIAGRAMS 

>  \  * 

'  As  mentioned  previously,  the  ability  to  read 
diagrams  is  a  basic  requirement  for  under- 
standing the  operation  of  fluid  powe^r  systems 
To  understand  the  diagrams  of  a  systenf,  first 
requires  a  knowledge  of  the  symbols  used  in 
the  schematic  diagrams. 

SYMBOLS 

* 

The  Navy  uses  two  Military  Standards  which 
list  mechanical  symbols  that  Shall  be  used  in. 
the  preparation  of  drawings  where  symbolic 
representation  is  desired.  These  two  Military 
Standards  are  as  follows: 

1.  Military  Standard,  Mechanical  Symbols 
(Other  than  Aeronautical,  Aerospacecraft,  and 
Spacecraft  Use),  Part  1,  MIL-STD-17B-1. 


2.     Military  Standard,  Mechanical  Symbols 
~Tor"  Aeronautical;  ~Aerospaeecraftr  and  Spacer 
teraft  Use,  Part  2,  MIL-STD-17B-2. 

Some  of  the  more  pertinent  symbols  used 
in  fluid  power  systems  have  been  selected  from 
these  two  standards  and  are  depicted  in  tables 
4-1  and  4-2.  Symbols  frorti  MIL-STD-17B-2 
are  presented  in  table  4-1  and  symbols  from 
MIL-STD-17Brl  in  table  4-2. 

NOTE:  The  equipment  symbols  illustrated 
in  table  4-1  show  only  the  basic  outline  of  each 
component.  It  is  stated  in  MIL-STD-17B-2  that 
schematic  diagrams  should  show  a  cutaway  sec  - 
tion of  each  component  at  least  in  schematic 
form. 

While  the  symbols  illustrated  in  this  chapter 
'are  not  all  encompassing,  they  do  provide  a 
basis  for  the  man  working^rtffi  fluid  power  sys- 
tems to  build  upon.  For  more  detailed  informa- 
tion concerning  the  symbols  Used  in  fluid  power 
diagrams,  the  above  mentioned  Military  Stand- 
ards should  be  consulted.  Additional  information 
concerning  symbols  Aid  the  reading  of  diagrams- 
is  contained  in  Blueprint  Beading  and  Sketch- 
ing, NavPers  10077  (Series). 

USE  OF  DIAGRAMS 

As  emphasized  earlier  in  this  chapter,  in 
order  to  troubleshoot  fluid  power  systems  intel- 
ligently, the'  mechanic  or  technician  must  be 
familiar  with  the  system  at  hand.  He  must  know 
the  function  of  each  component  in  the  system 
and  have,  a  mental  picture  of* its  location  in 
relation /to  other  components  in  the  system. 
These  can  best  be  achieved  by  studying  the 
diagrams  of  the  system. 

There  are  many  types  £>f  diagrams;  however, 
those  which  are  ,the  most  pertinent  to  fluid 
power  systems  may  be  divided  into  two  classes. 
These  diagrams  are  usually  referred  to  as  pic- 
torial and  schematic  diagrams  and  are  usually 
provided  by  the  manufacturer  to  aid  the  main- 
tenance man  in  understanding  and  troubleshoot- 
ing the  system  and  equipment.  There  may  be 
instances  where  a  schematic  diagram  will  be 
shown  as  akpictorial  diagram,  or  the  diagram 
may  consist   of  a  combination  of  the  two. 

A  diagram,  whether  it  is  a  pictorial  or 
schematic  diagram,  may  be  defineti  as  a  graphic 
representation  of  an  assembly"  or  'system,  in- 
dicating the  various  parts  and  expressing  the 
methods  or  principles  of  operation.  As  a  general 
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Table  4 Aeronautical  mechanical  symbols* 


BRAKE  II    I    I    I    I    I     I  n 

» 

DOWN  (OR  CLOSE) 


SKEttGENCY  PRESSURE 


HOSE  CONNECTION  (RIGID  TUBING) 

•=o= 


HOSE,  FLEXIBLE 


RETURN 


SUPPLY  FLUID  (PUMF  SUCTION) 

IAAAAAAAAA1 

# 

SUCTION  GRAVITY 


SUPPLY  PRESSURE 


UP  (OR  OPEN) 


VENT 


\>  t  j  i  j  t  r-h 


i:oi'  rp'.irvr 


ACCUMULATOR 

A| 

AIR  BOTTLE,  EMERGENCY 

'  "  Al 
BRAKE  CONTROL 

8C 


BUN GEE,  AIR-OIL 


COUPLING,  SELF-SEALING 


-  GO- 


cylTnder,  actuating 


u 


0 


DEBOOSTER,  BRAKE 


FILTER  OR  STRAINER  J 

•0 


FITTING,  SWIVEL 


GAGE,  PRESSURE 


GAGE  AND  SNUBBER,  PRESSURE 


ERIC 


54 


Chapter  4-BASIC  SYSTEMS  AND  CIRCUIT  DIAGRAMS 


43h 


Table  4-1— Aeronautical  mechaniqal  symbols-Continued* 


PUMP,  HAND 


JO  


PUMP,  POWER  DRIVEN 


RESERVOIR 


5L 


HP 


VALVE,  PRESSURE  REGULATING 
(UNLOADING)  AUTOMATIC 


VALVE,  PRESSURE  REGULATING 
(UNLOADING)  MANUAL 

-1    T  1 


VALVE,  RELIEF 


VALVE,  CHECK,  AUTOMATIC 


VALVJ>,  CHECK, 
MANUAL 


valVe,  restrictor, 
both  ways 


VALVE ,  RESTRICTOR,  PARTIAL 
ONE-WAY 


VALVE,  pRAKE  CONTROL   r> 


RE 
PC 
BE 


'    VALVE,  gun  charger  control 

3U 


PC 


T 


VALVE,  SHUTTLE 


VALVE  OR  SELECTOR, ' 
DIRECTIONAL  CONTROL 
P  U 


OR  P 
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Table  4-1. —Aeronautical  mechanical 
symbols  — Continued . 


Table  4-2, — Mechanical  symbols  other 
than  aeronautical— Continued, 


it- AIR  HP-HANDPUHP 

B  *  BRAKE  P  -  PRESSURE 

BC-  BRAKE  CONTROL  R  -  RETURN 

D-  DOWN (OR  CLOSE)  S  -  SUCTION  (OR  SUPPLY) 

F-  FLUID  (LIQUID)  U-UP  (OR  OPEN) 

Table  4-2,-- Mechanical  symbols  other 
than  aeronautical. 


LINES,  WORKING 


!  UH\  LINTS 


LINES,  PILOT 


LINES  TO  RESERVOJR 

'BELOW  FLUID  LEVEL 


ABOVE  FLUID 
LEVEL 


PLUG  OR  PLUGGED  CONNECTION 

\     J  .  X 


TESTING  STATION 


T 


LINES,  LIQUID  DRAIN  OR  AIR  EXHAUST 


LINES,  CROSSING 


 r\ 


FLUID  POWER  TAKE-OFF  p 
STATION  ,   


RESTRICTION,  FIXED 


QUICK  DISCONNECT 
WITHOUT  CHECKS 


LINES,   JOINING   f  


T 


WITH  CHECKS 

DISCONNECTED 


WITH  ONE  CHECK 


— Ch 


-K- 


LINES,  FLEXIBLE 
.1 


FLOW,  DIRECTION  OF 


WITH  TWO  CHECKS 


BASIC  SYMBOL 
ENVELOPE 


O 
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PORTS 


Table  4-2* -Mechanical  symbols  other  than  aeronatftical-Contlnued, 

FLUID  MOTORS,  ROTARY  _/ 


LINES  OUTSIDE  ENVELOPE  ARE  NOT  PART 
OF  SYMBOL,  BUT  REPRESENT  FLOW  LINES 
CONNECTED  THERETO- 


SHAFTS,  ROTATING  x 

■  OCH 

ARROW  INDICATES  DIRECTION  OF  ROTA- 
TION BY  ASSUMING  IT  IS  ON  NEAR  SIDE  OF 
SHAFT , 


PUMPS,  HYDRAULIC 


APPROPRIATE  SYMBOLS  SHALL  BE  ADDED 
TO  INDICATE  SHAFTS,  CONNECTING  LINES, 
AND  METHOD  OF  CONTROL, 

*  TYPE  OF  PUMP  SHALL  BE  INDICATED 
WITHIN  BASIC  SYMBOL  BY  APPROPRIATE 
LETTERS  LISTED  BELOW, 

PF    FIXED  DISPLACEMENT 
PK    KINETIC  -  CENTRIFUGAL 
PV    VARIABLE  DISPLACEMENT 


APPROPRIATE  SYMBOLS  SHALL  BE  ADDED 
TO  INDICATE  SHAFTS,  CONNECTING  LINES, 
AND  METHOD  OF  CONTROL, 

♦TYPE  PF  MOTOR  SHALL  BE  INDICATED  „ 
WITHIN  BASIC  SYMBOL  BY  APPROPRIATE 
LETTERS  LISTED  BELOW,  ✓ 

MF    FIXED  DISPLACEMENT 

MO  OSCILLATING 

MV    VARIABLE  DISPLACEMENT 


CYMXDKKS 


SINGLE  ACTING^ 


DOUBLE  AGTING 

SINGLE  END  ROD 


DOUBLE  END  ROD 


KKSKIIVOniS 


COMPRESSORS,  AIR 


APPROPRIATE  SYMBOLS  SHALL  BE  ADDED 
TO  INDICATE  SHAFTS,  CONNECTING  LINES, 
AND  METHOD  OF,  CONTROL, 

*  TYPE  OF  COMPRESSOR  SHALL  BE  INDI- 
cated within  basic  symbol  by  appro- 
priate letters  listed  below, 

cf  Fixed  displacement 
ck  kinetic 


FOR  LIQUID  .VENTED 


PRESSURIZED, 

RECEIVER  FOR  AIR  OR  OTHER  GASES 


(ZD 
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LANDING  GEAR  EXTEND  AND 
RETRACT  CONTROL  ASSEMBLY 


DETAfl  C 

MAIN  GEAR  UPLOCK 
AND  CABLE  RELEASE 


viiw  D 

LANDING  GEAR  SELECTOR  AND 
BRAKE  SHUTOFF  VALVE 


FF-39 


Figure  4-4.— Example  of  a  pictorial  diagram. 


rale,  the  various  components  are  indicated  by 
symbols  (tables  4-1  and  4-2)  in  schematic 
diagrams,  while  drawings  of  the  actual  com- 
ponents are  used  in  pictorial  diagrams- 

» 

Pictorial  Diagrams 

/  Pictorial  diagrams  show  ^general  location,  e 
function,  and  appearance  of  parts  and  afcsem-' 
blies.  This  type  diagram  is  sometimes  referred 
to  as  an  installation  diagram.  An  example  of  a 
pictorial  diagram  is  shown  in  figure  4-4.  This 
is  a  diagram  of  the  landing  gear  control  system 


of  a  Navy  aircraft.  It  shows  the  location  of 
each  of  the  components  within  the  aircraft  on 
the  principal  view.  Each  letter  (A;  B,  C,  etc.) 
on  the  principal  view  refers  to  a  detail  view 
located  elsewhere  on  the  diagrail.  Each  detail 
view  is  an  enlarged  drawing  ofca  portion  of  the 
system  identifying  eash  of  the  principal  com- 
ponents. 

Diagrams  of  this  type  are  invaluable  to  main- 
tenance personnel  in  identifying  and  locating 
components,  and  understanding  the  principle  of 
operation  of  the  system. 
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Figure  4-5.— Example  of  schematic  diagram. 


FP.40 


'   Schematic  Diagrams  ' 

V  The  primary  purpose  of  a  schematic  diagram 
*  is  to.  enable  the  maintenance  man  to  trace  the 
flow  of  fluid,  component  by  component.  This 
type  of  diagram  does  not  necessarily  indicate 
the  physical  location  of  the-  various  components, 
but  does  show  the  relation  of  each  component  to 
the  other  components  within  the  system. 


Figure  4-5 'id* an  example  of  a  schematic 
diagram  of  a  speed  brake"  system  used  in  one 
model* of  Navy  aircraft.  Notice  that  this  dia- 
gram doe*  not  indicate  the  physicaLlocation  of 
the  individual  components  within  £fie  aircraft, 
but"  does  locate  components  with  respect  to 
each  other  in  the  system.  For  example,  the 
check  valve  in  figure  4-5  is.  not  necessarily 
located -immediately  above  the  speed  brake 
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control  valve.  The  diagram  does  indicate,  how-  , 
ever,  that  the  check  valve  is  located  in  the 
pressure  line  and  that  the  pressure  line  leads, 
into  the  control  valve. 

V 

Schematic  diagram^  of  this  type  are  used 
mainly  in  troubleshooting.  Note  that  eachjline 
(pressure,  return,  brakes  open,  aricT^Brakes 
closed)-  is  coded  for  easy  reading  and  tracing 
the  flow.  An  explanation  of  the  codes  is  given 
in  the  legend  at  the  top  righthand  corner  of  the 
illustration.  On  many  diagrams  of  this  type, 
different,  colors  are  usecl  to  represent  the  var- 
ious lines.  Each  Component  is  identified  by 
name,  and  its  location  within  the  system  can  be 
ascertained  by  noting  whiah  lines  lead  into  and 
out  of  the  component. 

The  system  illustrated  in  figure  4-5  is- 
actiially  one  of  several  subsystems  operated  by 
one  power  system.  Although  it  is  a  rather  com- 
plex system,  it  is  shown  atjhis  point  in  the 
manual  to  emphasize  the  importance  of  using 
^diagrams  in  maintaining  fluid  power  systems. 
A  brief  description  of  the  system,  including  the 
general  function  of  the  major  compcjnents  follow. 

In  tracing  the  'flow  of  fluid  through  the  sys- 
tem, it  can  be  seen  that  the  first  component  in 
the  pressure  line  is  a  check  valve.  The  arrow 
on  the  valve  indicates  the  direction  of  flow 
through  the  valve.  This  valve  is  located  in  the  ♦ 
pressure  line  for  the  purpose  of  -preventing 
speed  brake  pressure*-* rorn^  dropping  when  the 
main  systenj  pressure  dqops  momentarily,  as 
when  another  actuating  system  is  operated. 

The  next  unit  in  the  Une  is  the  speed  brake 
control  valve.  This  valve  is  a'  four-port  valve 
which  is  connected  to  pressure,  return,  and  to 
each  actuating  line.  i 

When  the  control  vaive  is  plaqed  ^  brakes 
open  position,  fluid pnder  pressure  flows  through 
the  brakes  open  line  to  the  actuating  cylinders, 
opening  %the  speed  brakes.  Also  in  the  brakes 
open  line  is  a  blow-back  relief  valve.  This  valve 
is  also  connected  to  the  return  line.  The  pur- 
pose,of  this  valve  is  to  protect  the  speed  brakes 
against  excessive  wind  blasts.  For  example,  if 
the  pilot  opened  the  speed  brakes  at  an  airspeed 
greater  than  that  for  which  the  speed  brakes 
are  designed,  the  blow-back  relief  valve*  would 
open,  allowing  the  excess  fluid  pressure  to  re- 
trlirn  to  the  reservoir.  Thus,  the  speed  brakes 
wouJd_Jbe_  blown  back  to  the  closed  position. 


—  "\  

SIMPLE  HYDRAULIC  AND  PNEUMATIC  . 
SYSTEMS(  x 

*  * 

There  ^are  several  applications  of  fluid 
power  which  require  only  "a  simple  system; 
that  is,  a  system  which  employs  only  a  few  com- 
ponents in  addition  to  the  five  basic  components. 
A  few  of  these  applications  are  presented  in  the 
following  paragraphs.  The  operation  of  these 
systems  is  briefly  explained  at  {his  time  so  that 
the  reader  knows  the  purpose  of  the  different  - 
^.components  and  can  better  understand  the  func- 
tions aniope ration  of  these  components  as  they 
are  presorted  in  the  following  chapters.  Ex- 
amples of  the  more  complex  fluid  power  systems 
are  described  in  chapter  13. 

HYDRAULIC  JACK 


The  hydraulic  jack  is  perhaps  one  of  the 
simplest  forms  of  a  fluid  power  system.  By 
moving  the  handle  of  a  small  device,  an  indi- 
vidual can  lift  a  load  weighing  several  tons.  A 
small  initial  force  exerted  on  the  handle  is 
transmitted  by  means  of  a  fluid  to  a  much  larger 
area.  This  becomeSTfeadily  understood  by  study- 
ing figure  4-6.  The,  small  input'  piston  has  an 
area  of*  5  square  ftiches  and  is -directly  con- 
nected to  a  large  cylinder  with  an  output  pisto: 
having  an  area  of  250  square  inched.  Thtf  top  p 
this  piston  forms  a  lift  platfgrm. 


5  LBS.  PER 
SO.JNCH- 


FiguVe  4-6.-Hydraulic  jack. 
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If  a  force  of  *25  pounds  is  applied  to  the  in- 
put^ piston,  it  produces  a  pressure  of  5  pounds 
per  square  inch  in  the  fluid,  that,  is,  of  course, 
ii  asyffibient  amount  of  resistant  force  is  acting 
against  the  top  of  the  output  piston.  Disregarding 
'  friction  loss,  this  pressure  acting  on  the  250 
squs&e  inch  area  q&  the  output  piston  will,  sup- 
port assistance  forbe  of  1,250  pounds.  In 
other  words,  this  pressure  could  overcome  a 
force  of  slightly  under  1,250  pounds.  An  input 
force  of  25  pounds  has  been  transformed  into  a 
working"  forca  oL  riiore ■  than  half,  a  ton.  How- 
ever, *for  this  to  De  true  requires  that  the  dis- 
tance traveled  by  the  input  piston  be  50  times 
'  a^  great  as  that  traveled  b?  the  output  piston. 
Thus,  for  every  inch  that  the  input  piston  moves, 
the  output  piston  will  move  only  one-fiftieth  of 
an  inch. 

This -would  be  ideal  if  the  output  piston 
needed  to  move  only  ja  short  distance.  However, 
in  most  instances,  the  output  piston  would* have 
to  be  capable  of  moving  a  greater  distance  to 
serve  a  practical  application.  The  .device  shown 
in  figure  4-6  is  not  capable  of  moving  the  out- 
put piston  fartfier  than  that  shown.  Therefore, 
some  other  m.eans  must  be  employed  to  raise 
the  output  piston  to  a  greater  height. 

The  output  piston  can  be  raised  higher  and 
maintained  at  this  height  if  valves  are  installed 
as  shown  in  figure  4-7.  Inthis  illustration  the 
jack  is  designed  so  that  it  may  be  raised,  low- 
ered, or  held  at  a  constant  height.  These  results 
are  attained  by  introducing  a  number  of  valves, 
and  also  a  reserve  supply  of  fluid  to  be  used  ift 
the  system.  ^ 

Notice  that  this  system  .contains  the  five 
basic  components— the  reservoir,  cylinder  (1) 
which  serves  as  a  pump,  valve  (3)  which  serves 
as  a  directional  control  valve,  cylinder  (2) 
which  serves  as  the  actuating  device,  and  lines 
to  transmit  the  fluid  to  and  from  the  different 
components.  In  addition,  this  system  contains 
two  valves  (1)  and  (2)  whcfse  functions  are  ex- 
plained in  the  following  discussion?, 
C^A§  the  input  piston  is  raised  jfig.  4-7*  (A)), 
vklve"(l)  is  closed  by  the  backpressure  from 
the  weight  of  the  output  piston.  At^  the  same 
time,  valve  (2)  is  opened^by  the  head  of  the, fluid 
•in  the  reservoir.  This  forcesjfluid  into  cylinder 
(1).  When  the  input  piston  is  lowered  (fig,  4^7 
(B)),  a  pressure  is-  developed  in  cylinder  (1). 
When  this  pressure  exceeds  the  head  in  the  res- 
ervoir, it  Closes  valve  (2)  and  when  it  exceeds 
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Figure  4 -7. -Hydraulic  jack;  (A)  Up  - 
stroke;  (B)  downstroke. 

the  back  pressure  from  the  output  piston,  it 
opens  valve  (1),  forcing  fluid  into  the  pipeline. 
The  pressure  from  cylinder  fl)  is  thus  trans- 
mitted into  cylinder  (2),  where  it  acts  to  raise 
the  output  piston  with  its  attached  lift  platform. 
When  the  input  piston  is  again  raised,  the  pres- 
sure in  cylinder  U)  drops  below  that  incylinder 
(2)  causing  valve  (1)  to  close.  This  prevents  the 
return  of.  fluid  and  holds  the  output  piston  with 
its  attached  lift  platform  at  its  new  level.  Dur- 
ing this  stroke,  valve  (2)'opens  again  allowing 
a  new  supply  of  fluid  into  cylinder  (1)  for  the 
next  power  (downward)  stroke  of  input  piston,  t 
Thus,  by  repeated  strokes  of  the  input  piston, 
the  lift  platform  can  be  progressively  raised. 
To  lower  the  lift  platform,  valve  (3)  is  opened, 
and  the  fluid  from  cylinder  (2)  is  returned  .to 
the  reservoir.  * 


HYDRAULIC  LIFT 

The  hydraulic  lift  functions  very  similar 


♦to  the 


hydraulic     jack.      The  basi.c 
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difference  between  the  two  is  the  media  used 
to  transmit  the  force. 

In  tne  hydraulic  lift,  air  pressure  applied 

'  to  the  surface  of  oil  in  a  reservoir  is  transmit- 
ted by  the  oil  to  the  output  piston  on  the  hydr^u- 

t  lie  lift.  (See  fig.  4-8.)  Using  the  compressed  air 
as  the  input  piston,  the  oil  as  a  means  of  trans- 
mitting the  force,  and  the  lift  attached  to  the 
output  piston,  a  means  is  provided  for  lifting 
a  heavy  vehicle.  When  the 'release  valve  is 
opened  the  compressed  air  pressure  de- 
creases, the  oil  returns  to  the  reservoir,  and 
the  lift  is  lowered. 

HYDRAULIC  BRAKES 

The  hydraulic  .brake  system  used  in  the 
automobile  is  a   multiple  piston  system.  A 


multiple  piston  system  allows  forces  to  be  trans- 
mitted to  two  or  more  pistons  in  the  manner 
indicated  in  figure  4-9.  Note  that  the  pressure 
set  up  by  the  force-  applied  to  the  input  piston 
(1)  is  transmitted  undiminished  to  both  output 
piptons  (2)  and  (3),  and  that  the  resultant  force 
on  each  piston  is  proportional  to  Us  area.  The 
multiplication  of  forces  from  the  input  piston, 
to  each  output  piston  is  tHe  same  as  that  ex- 
plained earlier. 

The  four-wheel  bj^ake  system  commonly  used 
on  automobiles  is  a  practical  application  of 
the   multiple  piston  system.  (See  fig.  4-10.) 

*  NOTE:  Many  of  the  modern* automobiles  are 
equipped  with  power  (vacuum)  assist  for  the  op- 
eration of  the  master  cylinder.  In  the  last  few 
years,  dual  master  cylinders  are  incorporated 
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Figure  4-8. -Hydraulic  lift. 
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Figure  4-6. -Multiple  piston  system.  ■ 

as  a  standard  safety  feature.  In  addition,  some 
automobiles  are  equipped  with  disc  brakes. 
However,  the  hydraulic  system  from  the  master 
cylinder  (s)  to  the  wheel  cylinders  on  most 


automobiles  operates  similar  to  the  system  il- 
lustrated in  figure  4-10  and  described  in  the 
following  paragraphs. 

When  the  brake  pedal  is  depressed,  ttie  pres- 
sure on  the  brake  pedM  moves  the  piston  within 
the  master  cylinder,  forcing  the  brake  fluid 
from  the  master  cylinder  through  the  tubing  and 
flexible,  hose  to  the  wheel  cylinders.  The  wheel 
cylinders  contain  two  opposed  output  pistons, 
each  of  which  is  attached  to  a  brakeshoe  fitted 
inside /the  brake  drum.  Each  output  piston 
pushes  the  attached  brakeshoe  against  the  wall 
of  the  brakedrum,  thus  retarding  the  rotation  of 
the  wheel.  When  pressure  on  the  pedal  is  re- 
leased, the  springs  on  the  brakeshoes  return 
the  wheel  cylinder  pistons  to  their  released 
positions.  This  action  forces  the  displaced  brake 
fluid  back  through  the  flexible  hose  and  tubing 
to  the  master  cylinder. 

The  force  applied  to  the  brake  pedal  pro- 
duces a  proportional  fore*  on  each  of  the 
output  pistons,  ^hich  in  turn  apply  the  brake- 
shoes  frictionally  to  th^  tUVning  wheels  to  re- 
tard rotation.  If  all  eight  output  pistons  were 
the  same  size,  the  force  exerted  on  each  brake- 
shoe  would  be  exactly  the  same,  provided 
frictional  losses  from  the  master  cylinder  to 
each  wheel  ,w£re  equal.  Likewise,  i£  the  brake- 


WHEEL  CYLINDER 
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Figure  4-10.— An  automobile  brake  system. 
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shoes  were  identical,  each  wheel  would  be 
equally  retarded.  r 

In  actual  brake  designs,  it  is  customary  to 
use  a  greater  piston  area  for  the  front  wheels 
than  for  the  rear.This  is  to  compensateurfor 
the  transfer  of  weight  to  the  fron^  of  the  auto- 
mobile when  the  brakes  are  applied.  Due  to 
inertia,  the  automobile  tends  to  continue  to  move 
when  the  brakes  are  applied.  This  increases 
the  concentration  of  weight  at  the  front  end  and 
decreases  the  concentration  of  weight  at  the 
rear,  As  a  result,  the  front  brakes  are  required 
to-do  more  work  than  the  rear  and,  therefore, 
require  a  greater  piston  area.  * 

DOORSTOP  - 

A  doorstop  is  a  mechanism  for  reducing  the 
speed  of  a  closing  door.  Doorstops  vary  in  size, 
shape,  design,  media,  and  the  principle  used  to 
control*  the  door's  movement.  Hydraulic  door- 
stops are  normally  used  in  controlling  heavy 
doors,  while  pneumftic  doorstops  are  used  for 
lighter  type  doors.  The  most  commonly  used 
doorstop  consists  of  a^cylinder  and  piston  es- 
pecially designed  to  cushion  orlDuffer  the  quick 
movements  of  "the  closing  door. 

In  the  pneumatic  doorstop,  the  cushion  or 
buffer  effect  is  attained  byKthe  transmission  of 
the  motion-  to  the  pist6n  rod,  which  thereupon 
forces  the  piston  t  head  against  the  voliime  of 
air  within  the  cylinder.  The  air  is  compressed 
and  abst>riasLpost  of  the  motion,  while  graduated 
holes*  in  the  cylinder  permit  the  air  to  escape 
slowly  and  the  piston  and  door  are  brought  grad- 
ually to  rest, 

Jn^the  hydraulic  'Vpe,  a  liquid  is  used  to 
cushion  the  motion  of  the  door.  Two  cylinders 
are  generally  coi>nectefi  by  an  orifice4  through 
which  the  liquid  is  fifrced  as  the  door  is  opened 
or  closed.  The  doo.r  can  thus*close  only  as  ra- 
Bjdly  as  *he  liquid  can  be  .moved  through  the 
orifice. 


AIRBRAKES 

Airbrakes  were 


developed^  to 


enable  the 


driver  to  apply  sufficient  braking  action  to  the 
wheels  of  high-speed,  heavily  loaded  vehicles. 
With  modem  airbrake  systems,  the  brake  pedal 
is  merely  a  colftrolling  device  for  the  braking 
force,  which  is  compressed  air.  On  a  vehicle 
that  tows  trailers  provided  Vrith  airbrakes,  an 
additional  hand  controller  is  provided,  which 
may  be  operated  separately  or  in  conjunction 
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with  the  pedals,  AirB? akes  are  a  form  of  power 
brakes.  Being  more  powerful  than  the  hydraulic 
brakes  previously  described,  they  must  be 
larger  so  that  the  individual  brake  will  have  a 
greater  braking  area. 

In  an  airbrake  system  (fig.  4-H),  an  engine- 
driven  air  pump  or  compressor  is  used  to  com- 
press air  and  force  it  into  a  reservoir,  where 
it  is*  stored  under  pressure  and  made  available 
for  operating  the  brakes.  The  compressed  air 
is  released  from  the  reservoir  to  the  brake 
lines  by  an  air  valve  operated  by  the  brake 
pedal.  This  released  air  goes  to  ttte  brake 
chambers-  located  close  to  the  wheel  brakes. 
Each  brake  chamber  contains  a  flexible  dia- 
phragm and  plate.  The  force  of  the  compressed 
air  admitted  to  the  chamber  causes  the 
diaphragm  to  move  the  plate,  and  operates  the 
brake  %hoes  through  mechanical  linkage.  Con- 
siderable force  is  available  for  braking  since 
the  operating  pressure  may  be  as  high  as  100 
pounds  per  square  inch.  All  brakes  on  a  vehicle, 
and  on  a  trailer  wb«k£ae  is  used,  are  operated 
by  special  regulating  devices. 

AIR-OVER-HYDRAULIC 
BRAKE  SYSTEM 

The  air-over- hydraulic  brake /system  uses 
the  principle  of  the  hydraulic  bra(ke  to  operate 
the  wheel  brake  aylinders  and  provide  braking 
action.  However,  the  hydraulic  pressure  for  the 
wheel  brake  cylinders  is  not  supplied  from  the 
master  cylinder.  Instead,  there  are  two  circuits. 
The  first  ^eads  from  the  air-hydraulic  cvlinder 

.  and  admits  air  pressure  which  actuates  this 
cylinder  by  moving  an  air  piston  that  is  con- 
nected to  the  hydraulic  piston.  The  hydraulic 
piston  then  applies  the  hydraulic  pressure  that 
produces  the  braking  action.  The  aii^is  admitted 
by,  the  action  of  valves  controlled  by  the  hy; 
dfaulic  pressure  from  the  master  cylinder. 

An  air-over-hydraulic  brake  system  is  shown 
in  figure  4-12.  Air  pressure  is  supplied  by  a 

,  compressor  and. stored  in  reservoirs.  The  mas- 

'  ter  cylinder  is  similar  to  \he  master  cylinder 
used  in  hydraulic  brake  systems.  Also,  the 

•wheef  brake  cylinder?  and  wheVrbrake 
construction  are  very  similar  to  that  used  in 
conjunction  with  hydraulic  brake  systems.  The 
essential  difference  between  the  straight  hy- 
draulic brake  system  and  the  air-ov^r-hydraulic 
brake  system  lies  in  the  air-hydraulic  cylinder. 
This  cylinder  consists  of  three  essentials:  a 
large  diameter  air  piston;  a  small  diaipeter 
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Figure  4,-11.— Typical  airbrake  system. 


Hydraulic  piston  in  tandem  with  the  air  piston 
(both  on  the  same  rod);  and  a  set  of  valves  con-s 
trolled  by  hydraulic  pressure  from  the  master 
cylinder  for  admitting  air  into  the  air  cylinder 
section  of  the  air-hydraulic  cylinder.^ 

Th&air-hydraulic  cylinder  embodies  an  air 
cylind^|hjfnd  a  hydraulic  cylinder  in  tandem, 
each  mteawtoh  a  piston  with  a  common  piston 
rod  between.  The  air  piston  is  of,  greater  di- 
ameter than  the  hydraulic  piston.  This  differ- 
ence in"  arfeas  of  the  two  pistons  gives  a 
resultant  hydraulic 'pressure  much  greater  than 
the  aii>  pressure  admitted  to  the  air  cylinder. 


Automatic  valves,  operated  by  fluid  pressure 
from  the  , master  cylinder,  control  the  air  ad- 
mitted to  the  air  c'ylinder.   Thus,  ^ithe  .fluid  • 


pressure  in 
in  a  direct 
brake  pedalt 


the  brake 
ratio  to  foot 
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lines  is  always 
pressure  on  the 


Valve  action  vanes  with  the  amount  of  brake 
pedal  pressure..  *\yheft  heavy  brake  pedal  pres-, 
sure  is  applied  by  the  operator  for  hardi}rak-^ 
ing,   the  hydraulic  pressure   in  the  master 
cylinder  (which  operates  the  valves)  causes 
greater  valve  ipovement,   and  therefore  the 
valves  admit  morfe.air  pressure  into  the  air- 
hydraulic  cylinder)*  This  higher  air  pressure 
causes  a  stronger  braking  action.  With  only  a 
TightHBrake  pedal  pressure /the  valves  adffilttBBS^ 
air  pressure  into  the«air-hydraulic  cylinder  and 
the  braking  kction  is  lighter. 
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The  control  and  application  of  fluid  power 
would  be  impossible  without  a  suitable  me&ns 
of  conveying  the  fluid  from  .the  power  source  to  * 
the  point  of  application.  Fluid  lines  used  for 
this  purpose  must  be  designed  and  installed  with 
the  same  care  applicable  to  the  other  compo- 
nents of  the  system.  An  improperly  piped  sys- 
tem can  lead  to  serious  m  power  loss  and/or 
harmful  fluid  contamination.  Therefore,  the 
lines  and  connectors  of  fluid  power  systems  are 
designed  with  several  basic  requirements  in 
mind.  The  following  is  a  list  of  some  of  the 
most  important  requirements  which  must  be 
considered:  x 

1.  The  lines  must  be  of  sufficient  strength 
to  contain  the  fluid  at  the  required  pressure 
and,  in  addition,  must  be  strong  enough  to  with- 
stand  the  surges  of  pressure  that  may  develop 
in  the  system  during  any  portion  of  the  oper- 
ating cycle. 

2.  The  lines  must  be  of  suffic  ientf  strength 
to  support  components  which  may  be  mounted 
in  or  on  them. 

f  3.  Terminal  fittings  (flanges,  unions,  etc.)< 
must  be  provided  at  all  junctions  with  parts  or 
components  that  require  removal  o^j^place-" 
ment.    /  * 

4.  Line  supports  must  be  capable  of  damp- 
ing shock  waves  caused  by  surges  of  pressure 
and  changes  in  direction  of  flow. 

5.  The  lines  should  have  &  smooth  interior 
surface  to  reduce  turbulent  flow  of  fluid. 

'  6.  The  lines  must  be  of  the  correct  size 
*to  insure  the  required  volume  and  velocity*  of, 
how  with  the  least  amount  of  turbulence  during 
all  demands  of  the  system.  Lines  which  provide 
return  flow  in  hydraulic  systems  must  be  large 
enough  so  as  not  to  build  up  excessive  back 
pressure. 
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7.  The  interior  surface  of  the  fluid  lines 
must  be  clean  upon  installation.  After  instal- 
lation, lines  must  be  kept -clean  by  flushing  or 
purging  the  system  regularly.  Any  source  of 
contaminant  must  be  eliminated. 

To  obtain  these  required  results,  attention 
must  be  given  to  the  various  types,  materials, 
and  sizes  of  lines  available  for  fluid  power  sys- 
tems. The  different  types  of  lines  and  their 
application  to  fluid  power  systems  are  described 
in  the  first  part  of  this  chapter.  The  last  part 
of  the  chapter  is  devoted  to  the  various  con- 
nectors applicable  to  the  different  types  of  fluid 
lines. 

♦ 

TYPES  OF  FLUID  LINES 

The  three  most  common  types  of  lines  used 
in  fluid  power  systems  are  pipe,  tubing,  and 
flexible  hose.  They  are  sometimes  referred  to 
as  rigid,  semirigid,  and  flexible.  A  number  of 
factors  are  considered  when  selecting  the  type 
of  lines  for  a  particular^fluid  power  system. 
These  factors  include  the  type  of  fluid  medium, 
required  pressure  of  the  system,  and  the  loca- 
tion-of  the  system.  For  example,  heavy  pipe 
might  be  used  for  a  large  stationary  fluid  power 
system,  but  comparatively  lightweight  tubirig 
puist  be  used  in  aircraft  and  misstie  systems 
because  weight  and  space  are  critical  factors,  t 
Flexible  hose  is  required  in  some  installations 
where  units  must  be  free  \o  move  relative  to 
each  other. 

PIPE  AND  TUBING 

In  commercial  usage,  there  is  no  clear  dis- 
tinction between  pipe  and  tubing,  since  the  cor- 
rect designation  for  each  tubular  product  is 
established  by  the  manufacturer.  If  the  man- 
ufacturer calls  a  product  pipe,  it  is  pipe;  if 
"he  calls  it  tubing,  it  is  tubing. 
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In  the  Navy,  however,  a  distinction  is  made 
between  pipe  and  tubing.  This  distinction  is 
based  on  the  method  the  tubular  product  is  iden- 
tified as  to  size. 

Size 

There  are  three  important  dimensions  of  any 
tubular  product— outside  diameter  (OD),  inside 
diameter  <ID),*and  wall  thickness.  A  tubular 
product  is  called  tubing  if  its  size  is  identified 
by  actual  measured  outside  diameter  and  by 
actual  wall  thickness.  A  tubular  product  is  cal- 
led pipe  if  its  size  is  identified  by  a  nominal 

dimension  and  wall  thickness. 

» 

In  the  past,  wall  thickness  of  pipe  was  clas- 
sified as  standard  (Std),  extra  strong  (XS),  and 
double  "extra  strong  (XXS).  These  designations 
are  still  used  to  some  extent.  However,  pipe 
is  manufactured  in  a  ftumber  of  different  wall 
thicknesses  and  does  not  always  fit  into  the 
standard,  extra  strong,  and  double  extra  strong 
classifications.  In  recent  years,  a  trend  has  de- 
veloped toward  the  use  of  scheduled  numbers 
to  classify  the  wall  thickness  of  pipe  and  pipe, 
fittings.  Theafe  scheduled  numbers,  established 
by  the  American  Standards  Association,  range 
from  10  to  [ 160  and  cover  10  distinct  sets  of 
wall  thickness.  (See  table' 5-1.)  Schedules  40 
and  80  are  comparable  in  wall  thickness  for 
most  nominal  pipe  sizes  to  the  standard  and 
extra  strong  class,  respectively.  Schedule  160 
covers  pipe  with  the  greatest- wall  thicknesses 
in  this  classification,  but  are  slightly  thinner 
.than  the  double  extra  strong  class.  The  table 
includes  only  pipe  sizes  up  through  12-inch 
nominal  size,  although  larger  pipe  sizes  are 
available.  Schedule  10  is  for  nominal  pipe  sizes 
larger  than  12  inches. 

A  .  nominal  dimension  is  close  to— but  not 
necessarily  identical  with— an  actual  measured 
dimension.  As  indicated  in  table  5-1,  a  pipe  with 
a  nominal  size  of  3  inches  has  an  actual  meas- 
ured outside  diameter  of  3.500"  inches.  A  pipe 
with  a  nominal  size  of  2  inches  has  an  actual 
measured  outside  diameter  of  2*375  inches.  In 
_the-larger^size-(above  12  inches),  the  nominal 
pipe  size  and  the  actual  measured  outside  di- 
ameter are  the  same.  For  example,  a  pipe  with 
a  nominal  pipe  size  of  14  inches  has  an  actual 
measured  outside  diameter  of  14  inches.  Nom- 
inal dimensions  are  used  in  order  to  simplify 
the  standardization  of  pipe  fittings,  pipe  taps, 
and  threading  dies. 


*•  The  wall  thickness  of  pipe  increases  as  the 
schedule  numbers  increase.  For  example,  a 
reference  to  schedule  40  for  a  pipe  wi^h  a  nom- 
inal pipe  £ize  of  3  inphe^indicates'that  the  wall 


thickness  is. 0.216 


mpheS' indicates  mat  me 
6^3t500  -  3,068^  (N0T'E: 


The 


difference  between  the  outside  diameter  and  the 
inside  diameter  includes  two  wall  thicknesses; 
therefore,  this  difference  must  be  divided  by  2 
to  obtain  the  wall  thickness.)  A  reference  to 
schedule  80  for  a  pipe  of  the  same,  nominal  size 
(3  inches)  indicates  that  the  wall^ thickness  is 
0.300  incfc 

Tubing  differs  from  pipe  in  its  size  classifi- 
cation. Tubing  is  designated  by  its  actual  outside 
diameter.  (See  table  5-2.)  Thus,  5/ 8 -inch tubing 
has  an  optside  diameter  of  5/8  inch.  As  indi- 
cated in  the  table,  tubing  is  available  in  a 
variety  of  wall  thicknesses.  The  diametef  of 
tubing  is  ofterf  measured  and  indicated  in  16ths. 
Thus,  No.  6  tubing  is  6/16  or  3/8  Inch*  No.  8 
tubing  is  8/l6  er.l/2,  etc. 

The  foregoing  is  a  brief  description  of  the 
standard  ways  to  identify  the  size  and  wall 
thickness /of  pipe  and  tubing.  It  should  be  noted, 
however,  that  pipe  and  tubing  are  sometimes 
identified1  in~  other  ways.  For  example,  some 
tubing  is  identified  by  ID  rather  than  by  OD  knd 
some  pipe  is  identified^  nominal  pipe  size, 
by  OD,  by  ID,  and  by  actual  measured  wall  - 
thickness* 

Materials 

The  pipe  and  tubing  used  in  fluid  power  sys- 
tems are  commonly  made  from  steel,  copper, 
brass,  aluminum,  "and  stainless  steel.  Each  of 
these  has  their  own  distinct  advantages  or  dis- 
advantages in  certain  applications.    •  . 

Steel  pipe  and  tubing  are  relatively  inexpen- 
sive, and  are  used  in  many  hydraulic  and  pneu- 
matic systems.  Steel  is  used  because  of  its 
strength,  its  suitability  for  bending  and  flanging, 
and  its  adaptability  to  high  pressures  and  tem- 
peratures. Its  chief  disadvantage  is  its  com- 
paratively low  resistance  to  corrosion. 

Copper  pipe  and  tubing  are  sometimes  used 
for  fluid  power1  lines.  Copper  has  high  resis- 
tance to  corrosion  and  is  easily  drawn  6r  bfent. 
It  is  unsatisfactory  for  high  temperatures  and 
has  a  tendency  to  harden  md  break  due  to  stress 
and  vibration. 

Aluminum  has  many  of  the  characteristics 
and  qualities*  required  for  fluid  power  lines. 
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Table  5-1.  —  Wall  thickness  schedule  designations  for  pipe. 


Nominal 

Pipe 
OD 

Inside  diameter 

- 

size 

Sched. 
,  10 

— o  If  i — I 

Sched. 
20 

Sched. 
30  • 

Sched. 
40. 

ocnea. 
60 

80 

100  * 

Sched. 
120 

ocnea* 
140 

160 

1  /Q 

l/o 

0.  269 

0.215 

• 

.364 

.302 

0/  0 

.  0  ID 

.493 

.423 

1  /o 

1/2 

.  o4U 

.622 

.546 

♦ 

0.  466 

Q  /  A  , 

1  HRn 
1.  uou 

.824 

.74?^ 

.614 

J 

<  - 

1 

t 

I,  010 

1.  049 

.957 

.815 

1  1/4 

1.  DOU 

1.380 

1.278 

1.  160 

1  1/2 

1  QftA 

1.610 

1.500 

1.338 

o 

6.  o  (D 

2.067 

1.939 

1.689 

9  1/0 

9  87R 

2.469 

- 

2.323 

2.  125 

Q 
0 

0.  DUU 

i 

3.068 

2.900 

2.624 

3.  548 

3.  364 

4 

4.  500 

4.  026 

3.  826 

3.624 

3^438 

5 

5.  563 

5.  047 

4.813 

4.  563 

4.  313 

6 

6.  625 

6.  065 

'5.761 

5.  501 

5.  189 

8 

8.625 

8. 125 

8. 071 

7.981 

7.813 

7.625 

7.439 

7.189 

7. 001 

6.  813 

10 

10.  750 

10.  250 

10.  13j6 

10. 020 

9.750 

9.564 

9.314 

9.064 

8. 750 

8.  500 

12 

12.  750 

i  * 

12.250 

12.  090 

11.934 

11.626 

11.376 

11.  Q64 

10. 750 

10.  500 

10.  126 

It  has  high  resistance  to  corrosion  and  is  easily 
drawn  or  beiA.  In  addition,  the  outstanding  char- 
acteristic of  aluminum  is  its  light  weight.  Since 
weight  elimination  is  a  vital  factor  in  the  de- 
sign of  aircraft,  aluminum  alloy  tubing  is  used 
in  the  majority  of  aircraft  fluid  power  systems. 
Two  aluminum  alloys  are  itt  common  use— alloy 
5052  may  be  used  to*  lines  carrying  pressures 
up  to  1,500  psi,  and  alloy  6061  for  pressures 
up  to  3,000  psi.  Stainless  ste$l  tubing  is  used 
in  certain  areas  of  many  aircraft  ~fluid  power 
systems.  As  a  general  rule,  exposed  lines  and 
lines  subject  to  abrasion  or  intense  heat  are 
made  of  stainless  steel.  /* 


Application 

4 

Tlfe  material,  the  inside  diameter,  and  the 
wall  thickness  are  the  three  primary  consider- 
ations in  the  selection  of  lines  Tor  a  particular 
fluid  power  system.  Most  of  the  advantages  and 
disadvantages  of  the  metals  used  for  the  con- 
struction of  fluid  power  lines  were  covered  in 
the  preceding  paragraphs. 

^  The  inside  diameter  of  a  line  is  important, 
since  it  determines  the  rate  of  flow  tfcit  can  be 
passed  through  the  line  without  loss  of  power 
due  to  etfqessive  friction  and  heat.  Velocity  of 
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Table  5-2.  -Tubing  size  designation. 


/- 


TUbe 
OD 


1/8 


3/16 


1/4 


5/16 


3/8 


1/2 


Wall 
thickness 


0.  028 
.032 
.035 


0.  032 
.035 


0. 035 
.042 
.049 
.058 
.065 


0.  035 
.042 
.049 
.058 
.065 


0.  035 
.042 
.049 
.058 
.065 
-4  


0.035 
.042 
.049 
.058 
.065 
.072 
.083 
.095 


Tube 
ID 


0.  069 
.061 
.055 


0.  1235 
.  1175 


0.  180 
.  166 
.  152 
.  134 
.  120 


0.  2425 
.2285 
.2145 
.  1965 
.  1825 


0.  305 
.291 
.277 
.259 
.245 


0.430 
.416 
.402 
.384 
.370 
.356 
.334 
.310 


Tube 
OD 


5/8 


3/4 


7/8 


Wall 
thickness 


0. 035 
.042 
.049 
.058 
.065 
.072 
.083 
.095 


0. 049 
.058 
.065 
.072 
.083 
.095 
.  109 


0. 049 
.058 
.065 

'.(W2 
.083 
.095 
.  109 


0. 049 
.058 
.065 
.072 
.083 
.095 
.  109 
.  120 


Tube 
ID 


0.  555 
.541 
.  527 
.509 
.495 
.481 
.459 
.435 


0.652 
1 634 
.620 
.606 
.584 
.560 
.532 


0.  777 
.759 
.745 
.731 
.709 
.685 
.657 


0.902 
.884 
.870 
.856 
.834 
.810 
.782 
.760 


Tube  Wall  Tube 
OD     thickness  ID 


0.  049 . 

1.  152 

.058 

1.  134 

.065 

1.  120 

1  1/4 

.072 

1.  106 

.083 

1.  084 

.095 

1.  060 

.  109 

1.032 

i  on 

1  010 

1.1/  1U 

0.  06fe 

1.  370 

.072* 

1.  356 

.083 

1.  334 

1  1/2 

.095 

1.  310 

.  109 

1.  282 

M20 

1.260 

.  134 

1.  232 

0.  065 

1.620 

\  072 

1.  606 

\  083 

1.  584- 

13/4 

.095 

1.  560 

.  109 

1.  532 

.  120 

1.  510 

.134 

1.  482 

0.  065 

1.  870 

.072 

1.  856 

.083 

1.834 

2 

.095 

1.  810 

.  109 

1.  782 

.  120 

1.760  ' 

.  134 

1.  732 

a  given  flow  is  less  through  a  large  opening 
than  .through  a  small  opening.  If  the  inside  di- 
ameter of  the  line  is  too  small  for  the  amount 
of  flow,  excessive  turbulence  and  friction  heat 
cause  unnecessary  power  loss  and  overheated 
fluid. 

The  wall  thickness,  the  material  used,  and 
the  inside  diameter  determine  the  bursting  pres- 
sure of  a  line  or  fitting.  The  greater  the  wall 
JJiickn^AS^njrela^ipn;  to  the  inside  diameter  and 


the  stronger  the  metal,  the  higher  the  bursting 
pressure.  However,  the  greater  the  inside  di- 
ameter for  a  given  wall  thickness,  the  lower 
the  burstings  pressure,  because  force  is  the 
product  of  area  and  pressure.  Industrial^activ- 
ities  recommend  that  rigid  lines  should  have 
a  bursting  pressure  which  provides  a  safety 
factor  of  at  least  eight;  that  is,  the  rated  burst- 
'  ing  pressure  should  be  at  least  eight  times 
greater  than  the  maximum  working  pressure  in 
the  system.  | 
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The  manufacturers  of  pipe  and  tubing  usually 
supply  charts,  graphs,  or  tables  which  aid  in 
the  selection- of  the  proper  lines  for  fluid  power 
systems.  These  tables  and  charts  use  different 
methods  of  deriving  the  cbrrect  sizes  of  pipe 
and  tubing.  Regardless  of  the  method,  some  pro- 
vision must  be  made  for  correlating  the  strength 
of  the  line  in  terms  of  bursting  pressure  with 
the  inside  diameter  in  terms  of  flow  capacity 
at  recommended  velocity. 

Fluid  power  systems  are  designed  as  com- 
pactly as  practicable,  in  order  to  keep  the  con-  • 
necting  lines  short.  Every  section  of  line  should 
be  anchored  securely  in  one  or  more  places  so 
that  neither  the  weight  of  the  line  nor  the  effects 
of  vibration  are  carried  on  the  joints.  The  aim 
should  be  to  minimize  stress  throughout. 

Lines  should  normally  be  kept  as  short  and 
free  of  bends  as  possible.  However,  tubing 
should  not  be  assembled  in  a  straight  line,- 
because  a  bend  tends  to  eliminate  strain  by  ab- 
sorbing vibration  and  also  compensates  for  ther- 
mal expansion  and  contraction.  Bends  are 
preferred  to  elbows,  because  bends  cause  less 
of  a  power  loss.  A  few  of  the  correct  and  incor- 
rect methods  of  installing  tubing  are  illustrated 
in  figure  5-1.  f 

Bends  are  described  in  terms  of  the  ratio 
of  the  radius  of  the  bend  to  the  inside  diameter 
of  the  tubing  or  pipe.  The  ideal  bend  radius  is 
2  1/2  to  3  times  the  inside  diameter,  as  shown 
in  figure  5-2.  For  example,  if  the  inside 
diameter  of  a  line  is  2  inches,  the  radius  Of  the 
bend  should  be  between  5  and  6  inches. 


F2.49 


Figure  6- 2: -Ideal  bend  radius. 


•  While  friction  head  increases  markedly  for 
sharper  curves  than  this,  it  also  tends  to  in- 
crease up  to  a  certain  point  for  gentler  curves. 
The  increases  in  friction  in  a  bend  with  a  radius 
of  more  than  about  3  pipe  diameters  result 
from  increased  turbulence  near  the  outside 
edges  of  the  flow.  Particles  of  fluid  must  travel 
a  longer  distance  in  making  the  change  in  di- 
rection. When  the  radius  of  the  bend  is  less 
than  about  2  1/2  pipe  diameters,  the,increased 
pressure  loss  is  due  to  the  abrupt  change  in  the 
direction  of  flow,  especially  for  particles  near 
the  inside  edge  of  the  flow. 

'  Cutting  and  bending  of  pipe  and  tubing  are 
covered  in  Basic  Handtools,  Navpers  10085 
(Series),  in  other  applicable  Rate  Training  Man- 
uals   and  in  applicable  technical  publications. 


RIGHT 


WRONG 


=8^ 


RIGHT 


RIGHT 


WRONG 


WRONG 
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Figure  5-1. -Correct  and  incorrect  methods  of  installing  tubing. 
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FLEXIBLE  HOSE  H 

Hose  is  used  in  fluid  power  systems  where 
^there  is  a  necessity  for  flexibility,  such  as  con- 
nections to  actuating  units  that  move  while  in 
operation,  or  to  units  attached *to  a  hinged  por- 
tion of  the  equipment.  It  is  also  used  in 
locations  that  are  subjected  to  severe  vibrations. 
For  example,  flexible  hose  is  often  used  for 
connections  to  and  from  the  pump.  The  vibra- 
tion that  is  set  up  by  an  operating  pump  wild 
ultimately  cause  rigid  and  semirigid  lines  to 
fail. 


Sizes 


The  size  of  flexible  hose  is  identified  by  a 
number  which  refers  to  the  equivalent  tubing 
size;  for  example,  No.  8  flexible  hose*is  equiv- 
alent to  No.  8  tubing.  The  No.  8  tubing  has  an 
outside  diameter  of  1/2  inch  (8/16).  The  inside 
diameter  of  No.  8  hose  will  not  be  1/2  inch;  it^ 
.will  be  slightly  smaller  to  allow  for  wall  thick- " 
ness.  The  actual  inside  -diameter  of  both  the 
hose  and  tubing  is  the  same.  As  long  as  the 
numbex  of  the  hose  corresponds  to  the  number 
of  the  tubing,  the  proper  size  is  being  jised. 

The  size,  along  with  other  information, -is 
-usually  stenciled  on  the  outside  of  the  hose. 
This  information  includes  the  Military  Specifi^ 
cation  of  the  hose  followed  by  a  dash  number, 
which  is  the  size.  In  addition,  the  year  of 
manufacture  and  the  manufacturer's  symbol  are 
also  included.  If  the  hose  is  assembled  with  end 
fitting^,  the  length- of  the  hose  is. also  included. 
This  information  appears'  at  intervals  of  not 
more  than  9*  inches  and  is  connected  by  a  series 
of  dots  or  dashes.  The  continuous  line  of  sten- 
ciled information  and  dots  or. dashes  also  indi- 
cates the'  natural  lay  of  the  hose.  On  some  of 
the  newer  types  of  hose,  such  as  Teflbn  (discus- 
sed later),  this  information  is  placed  on  a  metal 
tag  and  attached  to  the  hose. 

Materials 

In  regards  to  material,  there  are  two  types 
of  flexible  hose  used  in  fluid  power  systems. 
These  two  types  of  material  are  rubber  and 
'Teflon.  Although  flexible  hose  made  of  rubber 
is  £he  type  most  commonly  used,  Teflon  has 
many  of  the,desired  characteristics  for  certain 
applications.  These  two  types  of  materials  are 
described  in  the  following  paragraphs. 


«  RUBBER.— Flexible  rubber  hose  consists  of 
a  seamless  synthetic  rubber  tube  covered  with 
layers  of  cotton  braid  and  wire  braid,  and  an 
outer  layer  of  rabber-impregnated/cotton braid. 
The  inner  tube  is  designed ^toTwithstand  the 
attack  of  the  material  which^pcses  through  it. 
The  braid,  which  may  consist  of  several  layers, 
is  the  determining  factor  in  the  strength  of  the 
hose.  The  cover  is  designed  to  withstand  ex- 
ternal abuSS.-^ 

TEFLON.— Teflon  hose  is  a  flexible  hose 
designed  to  meet  the  requirements  of  higher 
operating  pressures  and  temperatures  "in 
present  fluid  power  systems.  This  type  hose 
consists  of  a  chemical  resin,  which  is  processed 
and  extruded  into  tube  shape  to  a  desired  size^ 
It  is  covered  with  stainless  steel  wire -which  is 
braided  over  the  tube  for  strength  and  protection. 

Teflon  hose  is  unaffected  by  all  fluids  pres- 
ently used  in  fluid  power  systems.  It  is  inert 
tear  acids,  both  concentrated  and  diluted.  Certain 
Teflon  hose  may  be  used  husystems  where  op- 
erating temperatures  range  from  -100°  F  to 
+  500°  F.  Teflon  is  nonflammaWe;  however, 
where  the  possibility  of  open  flame  exists,  a 
special  asbestos  "fire  sleeve  should  be  used. 

Teflon  hose  will  not  absorb  moisture.  This, 
together  \£j*^its  chemical  inertness  and  anti- 
adhesive  characteristics,  makes  it,  ideal  for 
missite  fluid  power  systems  where  noncontam- 
*  ination  and  cleanliness  are  so  essential. 

Application 

Flexible  hose  is  available  in  four  pressure 
ranges— extra-high-pressure,  high-pressure, 
medium -pressure,  and  low-pressure.  J£#ra- 
high-pressure  Tiose  is  used  in  fluid  power  sys- 
tems with  normal  operating  pressures  in  excess 
of  3,000  psi.  High-pressure  hose,  is  used  in 
systems  with  normal  operating  pressures  up  to 
,  and  including  3>000  psi.  Medium-pressure  hose 
is  used  with  a  wide  range  of  pressures  (approx- 
imately 300  psi  to  3,000  psi);  however,  it  must 
be  emphasized  that  the  maximum  operating 
pressure  for  a  particular  medium-pressure 
hose  depends  upon  its  size.  For  example,  No.  12 
hose  is  limited  to  pressures  up  to  1,500  psi, 
No.  8  hose  to  2,000  psi,  and  No.  4  hose  to  3,000 
psi.  The  maximujn  operating  pressure  for  low- 
pressure  hose  (up  to  approximately  600  psi)  is 
also  determined  by  the  size  of  the  hose.  The 
use  of  low-pressure  hose  in  fluid  power  systems 
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'  is  limited.  It  is  used  in  some  low-pressure 
pneumatic  systems .  and  as  exhaust  lines  and 
drain  lines  in  some  high-pressure  fluid  power 
systems. 

Extra-high-pressure  hose  and  some  high- 
pressure  hose  are  available  only  in  complete, 
assemblies  with  factory  installed  end  fittings. 
Some  high-pressure  hose  is  available  in  bulk 
form  and  can  be  fabricated  with  end  fittings  by 
>.in  designated  activities  which  have  the  re- 
quired special  tools  and  equipment.  Medium- 
and  low-pressure  hose  a$e  available  in  bulk 
and  are  usually  fabricated  locally.  The  fabri- 
cation of  hose  assemblies  is  covered  in  ap- 
plicable Rate  Training  Manuals  and  technical 
publications. 

Flexible  hose  must  not  be  twisted  on  instal- 
lation, since  this  reduces  the  life  of  the  hose 
considerably  and  may  cause  the  fittings  to  loosen 
as  well  Twisting  of  the  hose  can  be  determined 
from  the  identification  stripe  running  along 


RIGHT 


WRONG 


RIGHT 


Figure  5-3. -Correct  and  incorrect  FP.50 
installation  of  flexible  hose.  .' 


its  length.  This  stripe  should  not  tend  to  spiral 
around  the  hose.  (See  fig.  5-3.) 

Flexible  hose  should  be  \  protected  from 
chafing  by  wrapping  lightly  with  tape,  but  only 
where  necessary.  N 

The  minimum  bend  radius  for  flexible  hose 
varies  according  to  size  and  construction  of 
the  hose  and  the  pressure  under  which  the  sys- 
tem operates.  Current  applicable  technical  pub- 
lications contain  tables  and  graphs  showing 
minimum  bend  radii  for  the  diff  rent  types  of  . 
installations.  Bends  which  are  too  sharp  will 
reduce  the-  bursting- pressure  of  flexible  hose 
considerably  below  its  rated  value.  | 

Flexible  hose  should  be  installed  so  that  it 
will  be  subjected  to  a  minimum  of  flexing  during 
operation.  Support  clamps  are  not  necessary 
with  short  installations';  but  with  hose  of  con- 
siderable length  (48  inches  for  example),  clamps 
'  should  be  placed  not  more  than  24  inches  apart. 
Closer  supports  are  desirable  and  in  some  cases 
required. 

'  a  flexible  hose  must  never  be  stretched 
tight  between  two  fittings.  About  5  to  ^percent 
of  the  total  length  must  be  allowed  as  slack  to 
provide  freedom  of  movement  under  pressure. 
When  under  pressure,  flexible  hose  contracts 
in  length  and  expands  in  diameter.  Examples  of 
correct  and  incorrect  installations  of  flexible' 
•  hose  are  illustrated  in  figure  5-3. 

Teflon  hose  should  be  handled  carefully 
during  removal  and  installation.  Some  Teflon 
hose  is  preformed  during  fabrication.  This  type 
hose  tends  to  form  itself  to  the  installed  po- 
sition in  the  system.  To  insure  its  satisfactory 
function  and '  reduce  the  likelihood  of.  failure, 
the  following  rules  should  be  observed  when 
working  with  Teflon  hose: 

1.  Do'  not  exceed  recommended  tymd 
limits. 

2.  Do  not  exceed  twisting  limits. 

3.  Do'  not  straighten'  a  bent  hose  that  has 
taken  a  permanent  set. 

4.  Do  not  hang,  lift,  or  support  objects, 

from.  Teflon  ho|£. 

TYPES  OF  CONNECTORS 

1 

Some  type  of  connector  must  be  provided  to 
attach  the  lines  to  the  components  of  the  system 
and  to  connect  sections  of  line  to  each-  other. 
There'  are  many  different  types  of  connectors 
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provided  for  this  purpose.  The  type  of  connector 
required  for  a  specific  system  depends  on 
several  factors.  One  determining  factor,  of 
course,  is  the  type  of  fluid  line  (pipe,  tubing, 
'  or  flexible  hose)  used  in  the  system.  Other  de- 
termining- factors  are  the  type  of  fluid  medium 
and  the  maximum  operating  pressure  of  the 
system.  Some  of  the  most  common  types  of 
connectors  are  described  in  the  following  para- 
graphs. 


Threaded  connectors  are  made  with  standard 
female  threading  cut  on  the  inside  surface.  The 
end  of  the  pipe  is  threaded  with  outside  (male) 
threads  for  connecting.  Standard  pipe  threads 
are  tapered  slightly  to  insure  tight  connections. 
The  amount  of  taper  is  approximately  three- 
fourths  of  an  inch  in  diameter  per  foo^of  thread. 
(See  fig.  5-5.) 


THREADED  CONNECTORS 


There  are  several  different  tyfcfs  of  threaded 
connectors,  some  of  which  are  described  later. 
In  the  type  discussed  in  this  section,  both  the 
connector  and  the  end  of  the  fluid  line  (pipe) 
are  threaded.  This  type  connector  is  used  in 
some  low-pressure  fluid  power  systems.  In 
Navy  systems,  they  are  usually  made  of  steel, 
copper,  or  brass,  and  in  a  variety  of  designs, 
some"* of  which  are  illustrated  in  figure  5-4. 
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Figure  5-5.— Standard  taper  for  pipe 
threads. 

^Metal  is  removed  when  a  pipe  is  threaded, 
thinning  the  pipe  and  exposing  new  and  rough 
surfaces  for  chemical  action.  Corrosion  agents 
work  more; quickly  at  such  points  than  else- 
where. If-ffipes  are  assembled  with  no  protec- 
tive compound  on  the  threads,  corrosion  sets 
in  at  once  and  the  two  sections  stick  together 
so  that  the  threads  seize  when  disassembly  is 
attempted.  The  result  *is  damaged  threads  and 
pipes. 

To  prevent  seizing*  a  suitable  pipe  thread 
compound  is  sometimes  applied  to  the  threads 
as  illustrated  in  figure  5-6.  The  two  end  threads 
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Figure  5-4.— Threaded, pipe  connectors. 
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Figure  5-6.— Application  of  protective 
compound  to  pipe  threads. 
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are  kept  free  of  compound  so  that  it  will  not 
contaminate  the  fluid.  Pipe  compound,  when 
improperly  ^applied,  may  get  inside  the  lines 
and  components  and  damage  pumps  and  control 
equipment  This  has  been  such  a  problem  that 
many  manufacturers  forbid  the  use  of  any  com- 
pound when  fabricating  the  piping  for  fluid 
power  systems. 

Another  type  of  material  used  on  pipe 
threads  is  sealant  tape.  This  tape,  which  is 
made  of  Teflon,  provides  an  effective  means  of 
sealing  pipe  connections  and  eliminates  the 
necessity  of  Jerquing  connections  to  excessively 
high  values  in  order  to  prevent  pressure  leaks. 
It  alsp  provides  for  ease  of  maintenance  when- 
ever it  is  necessary  to  disconnect  pipe  joints. 
The  tape  is  applied  over  the  male  threads, 
leaving  the  first  thread  exposed.  After  the  tape 
is  pressed  firmly  against  the  threads,  the  joint 
is  connected. 

FLANGE  CONNECTORS 

♦  Bolted  flange  connectors  (fig.  5-7)  are  suit- 
able for  most  pressures  now  in  use.  The  flanges 
are  attached  to  the  piping  by  welding,  brazing, 
tapered  threads  (for  some  low-pressure  sys- 
tems), or  rolling;  and  bending  into  recesses. 
Those  illustrated  \  a  re  the  most  common  types 
of  flange  joints  used.  The  sanje  types  of  stand- 
ard Tfitting  shapes  (tee,  cross,  elbow,  etc.)  are 


LOW-PRESSURE  TYPE 
WITH  RING  GASKET 


HIGH-PRESSURE  TYPE 
VAN  STONE  OR  LAPPED 


METAL 


WELDING  NECK  FLANGE 
3UTT-WELDE0  TO  TUIE 


SLIP-ON  FLANGE 
WELOEO  FRONT  AND  IACK 
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Ffjgure  5-7,— Four  types  of  bolted 
flange  connectors. 


manufactured  for  flange  joints,  such  as  the 
threaded  connectors  illustrated  in  figure  5-4. 
Suitable1* gasket  material  must  be  used  between 
the  flanges. 

WELDED  CONNECTORS 

The  subassemblies' of  some  fluid  power  sys- 
tems are  connected  by  welded  joints,  especially 
in  high-pressure  systems  which  utilize  pipe  for 
fluid  lines.  The  welding  is  accomplished  ac- 
cording to  standard  specifications  which  define 
the  materials  and  techniques.  There  are  three 
^general  classes  of  welded  joints— butt-weld, 
fillet-weld,   and  socket-weld.  (See  fig.  5-8.) 


BUTT-WELD  JOINT      BACKING  RING 


FlLLET-WELO  JOINT 
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TUBE  BEING  INSERTED 


WELO  METAL 


COMPLETEb  JOINT 


SOCKET-WELOING  FITTINGS 

Figure  5-8,—  Various  types  of 
welded  joints. 
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Figure  5-9.— Silver-brazed  connectors. 


BRAZED  CONNECTORS 

Silver-Grazed  connectors  (fig.  5-9)  are  com- 
monly used  for  joining  nonferrous  (copper, 
brass,  etc.)  piping  in  the  pressure  and  temper- 
ature range  where  their  use  is  practical.  These 
practical  factors  limit  the  use  of  this  type  con- . 
nector  to  lines  not  exceeding  425°  F;  for  cold 
lineS^  these  fittings  may  be  used  for  pressures 
up  to  3,000  psi«  The  alloy  is  melted  by  heating 
the  joint  with  an  oxyacetylene  torch.  This  causes 
the  alloy  insert  to  melt  and  fill  the  few  thou- 
sandths of  an  inch  annular  space  between  the 
pipe  and  the  fitting. 

A  fitting  of  this  type  which  has  been  Removed 
from  a^piging  ^system  can  be jrebrazed  into  a_^ 
system,  as  in  most  cases  sufficient  alloy  re- 
mains in  the  insert  groove  for  a  second  joint. 
New  alloy  Inserts  may  be  obtained  for  fittings 
which  do  not  have  sufficient  alloy  remaining  in 
the  insert  for  making  a  new  joint. 

FLARED  CONNECTORS 

Flared  connectors  are  commonly  used  in 
fluid  power  systems  containing  lines  made  of 
tubing.  These  connectors  provide  safe,  strong, 
dependable  connections  without  the  necessity 
of  threading,  welding,  or  soldering  the  tubing. 


The  connector  consists  of  a  fitting,  a  sleeve, 
and  a  nut,  as  illustrated  in  figure  5-10. 


^mmBwp  /  / 

SLEEVE 


NUT 


TUBING 
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Figure  5-10.— Fla red-tube  connector. 


The  fittings  are  made  of  steel,  aluminum 
alloy,  orjjronze.  The  fittings  should  be  of  the 
same  material  as  that  of  the  sleeve,  nut,  and 
tubing.  For  example,  use  steel  connectors  with 
steel  tubing  and  aluminum  alloy  connectors 
with  aluminum  alloy  tubing.  Fittings  are  made 
in  unions,  45-degree  and  90-degree  elbows, 
tees,  and  various  other  shapes.  Figure  5-11 
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UNION 


FLARED  TUBE 
BULKHEAD  AND  UNIVERSAL. 
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FLARED  TUBE  AND 
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TEE- 


FLARED  TUBE 
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UNION 


FLARED  TUBE 


ELBOW 


FLARED  TUBE 
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TEE 
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NIPPLE 


FLARED  TUBE  AND 
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FLAREO  TUBE 
BULKHEAD  AND  UNIVERSAL 


Figure  5-11.— Flared-tube  fittings. 
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illustrates  some  of  the  most  common  fittings 
ysed  with  flared  connectors. 

Tees,  crosses,  and  elbows  are  self-explan- 
atory. Universal  and  bulkhead  fittjngs  can  be 
mounted  solidly  with  one  outlet  of  the  fitting 
extending  through  a  bulkhead  and  the  other  out- 
let (s)  positioned  at  any  angle.  Universal  denotes 
the  fact  that  the  fitting  can  assume  the  angle 
required  for  the  specific  installation.  Bulkhead 
denotes  that  the  fitting  is  long  enough  to  pass 
through  a  bulkhead  and  is  designed  in  such  a 
manner  that  it  can  be  secured  splidly  to  the 
bulkhead.  Figure  5-12  illustrates  a  universal 
bulkhead-mounted  fitting. 


crosses  also  are  available  in  several 
different  combinations. 

Tubing  used  with  this  type  connector  must 
be  flared  prior  to  assembly.  The  nut  fits  over 
the  sleeve  and  when  tightened,  draws  the  sleeve 
and  tubing  flare  tightly  against  the  male  fitting 
to  form  a  seal. 

The  male  fitting  has  a  cone-shaped  surface 
with  the  Same  angle  as  the  inside  of  the  flap*: 
The  sleeve  supports  the  tube  so  that  vibration 
does  not  concentrate  at  the  edge  of  the  flare, 
and  distributes  the  shearing  action  over  a  wider 
area  for  added  strength.  Tube  flaring  is  covered 
in  Basic  Handtools,  NavPers  10085  (Series), 
and  other  applicable  Rate  Training  Manuals. 

Correct  and  incorrect  methods  of  installing 
flared-tube  connectors  are  illustrated  in  fjgure 
"5-13.  Tubing  nuts  should  be  tightened  with  a 
torque  wrench  to  the  value  specified  in  appli- 
cable technical  publications. 
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Figure  5-12.—  Universal  bulkhead- 
mounted  fitting. 


For  connecting  to  tubing,  the  ends  of  the 
fittings  are  threaded  with  straight  m^qhine 
threads  ta  correspond,  with  tfe?  .female  threads 
of  the  nut.  In  some  cases,  however,  one  end  of 
the  fitting  may  be  threaded  with  tapered  pipe 
threads  to  fit  threaded  ports  in  pumps,  valves, 
$nd  other  components.  Several  of  these  thread 
combinations  are  shown  in  figure  5-11.  For 
example,  unions  have  straight  machine  threads 
on  both"  ends,  while  elbows  have  straight 
machine  threads  on  one  end,  but  may  have 
either  tapered  pipe  threads  or  straight  machine 
threads    on    the    other    end.    Tees  and 
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Figure  5-13.— Correct  and  incorrect  niethods 
of  tightening  flared  connectors. 


If  an  aluminum  alloy  flared  connector  leaks 
after  tightening  to  the  required  torque,  it  must 
not  be  tightened  further.  Overtightening  may 
severely -damage  or  completely  cut  off' the  tub- 
ing flare  or  may  result  in  damage  to  the  sleeve 
or  nut.  The  leaking  connection  must  be  disas- 
sembled and  the  fault  corrected. 

If  a  steel  tube  connection  leaks,  it  may  be 
tightened  1/6  turn  beyond  the  specified  torque 
in  an  attempt  to  stop  the  leakage;  then  if 


78 


ERLC 


7U 


Chapter  5-FLUID  LINES  AND  CONNECTORS 


unsuccessful,  it  muit  be  disassembled.and 
repaired. 

Some  of  the  causes  of  leaking  flared  con- 
nectors are  as  follows: 

1.  Flare  distorted  into  nut  threads. 

2.  Sleeve  cracked. 

3.  Flare  cracked  or  split. 

4.  Fiare  ou)t  of  round. 

5.  Flare  eccentric  to  tube  OD.  , 

6.  Inside  of  flare  rough  or  scratched. 

7.  Fitting  cone  rough  or  scratched. 

8.  Threads  of  the  fitting  or  nut  dirty, 
dan^ged,  or  broken,  > 

Undertighteniri?  of  connections  may  be  se- 
rious, as  this  can  allow  the  tubing  to  leak  at 
the  connector  because  of  insufficient  grip  on 
the  flare  by  the  sleeve.  The  use  of  a  torque 
wrench  will  prevent  undertightening. 

*  CAUTION:  A  nut  should  never  be  tightened 
when  there  is  pressure  in  the  line,  as  this  will 
*tend  to  damage  the  connection  without  adding 
Vahy  appreciable  torque  to  the  connection. 

BITE  TYPE  CONNECTORS 

Bite  type  connectors  are  commonly  refer- 
red to  a3.  flareless-tube  connectors.  This  type 
connector  eliminates  ail  tube  flaring,  yet  pro- 
vides* a  safe,  strong,  a^id  dependable  tube  con- 
neGttpn.  This  connector  consists  of  a  fitting, 
a  sleeve  or  ferrule,  and  a  nut.  (See  fig.  5-14.) 
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Figure  5-14.— Flareless-tube  connector. 

Flareless-tube  fittings  are  available  in  many 
of  the  same  shapes  and  thread  combinations  as 
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flatejd-tube  fittings.  (See  fig.  5-11.)  An  example 
of  a  flareless-tube  fitting  is  illustrated  in 
figure  5-15.  The  fitting  has  a  counterbore 
shoulder  for  the  end  of  the  tubing  to  rest 
against.  The  angle  of  the  counterbore  causes  „ 
the  cutting  edgfe  of  the  sleeve  or  ferrule  to  cut  . 
into  the  outside  surface  of  the  tube  when  the 
two  are  assembled  together. 


ELBOW 


FLARELESS  TUBE  90° 
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Figure  5-15. -Flareless-tube  fitting. 


The  nut  presses  on  the  bevel  of  the  sleeve 
and  causes  it  to  clamp  tightly  to  the  tube.  Re- 
sistance to  vibration  is  concentrated  at  this 
point  rather  than  at  the  sleeve  cut.  When  fully 
tightened,  the  sleeve  or  ferrule  is  bowed  slightly 
at  the  midsection  and  acts  as  a  spring.*  This 
spring  action  of  the  sleeve  or  ferrule  maintains 
a  constant  tension  between  the  body  and  the  nut 
and  thus  prevents  the  nut  from  loosening. 

Prior  to  the  installation  ci  a  new  flareless- 
tube  connector,  the  end  of  the  tubing  must  be 
square,  concentric,  and  free  of  burrs.  For  the 
connection  to  be  Effective,  the  cutting  edge  of 
the  sleeve  or  ferrule  must  bite  into  the  per-  , 
ipttery-of -th*  tube-  Thisr~ifc  accomplished  by,~ 
presetting  the  sleeve  or  ferrule  on  the  tube 
using  a  presetting  tool  which  has  the  same 
dimensions  as  the  fitting  body,  and  which  can 
be  obtained  from  the  fitting  manufacturer.  If 
a  presetting  tool  is  not  available,  a  suitable 
male-thread  fitting  may  be  used.  If  a  fitting- 
must  be  used,  a  steel  fitting  is  preferred  for 
this  operation.  If  an  aluminum  fitting  is  used 
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as  a  preset  tool,  it  should  not  be  reused  in 
the  system. 

Applicable  Rate  Training  Manuals,  technical 
publications,  or  specifications  may  be  consulted 
for  the  proper  procedures  to  be  followed  for 
presetting  flareless-tube  connectors. 

After  presetting,  the  connector  is  disas- 
sembled for  inspection.  If  the  sleeve  or  ferrule 
is  satisfactorily  installed,  the  connector  is 
ready  for  final  assembly  in  the  system.  When 
making  the  final  assembly  in  the  system,  the 
following  installation  procedures  should  be  fol- 
lowed: < 

1.  Lubricate  all  threads  with  a  liquid  that 
is  compatible  with  the  fluid  that  is  to  be  used 
in  the  system. 

2.  Place  the  tube  assembly  in  position  and 
check  for  alignment. 

3.  Tighten  the  nut  by  hand  until  an 
increase  in  resistance  to  turning  is  encountered. 
This  indicates  that  the  sleeve  or  ferrule  pilot 
has  contacted  the  fitting. 

4.  If  possible,  use  a  torque  wrench  to 
tighten  fiareless  tubing  nuts.  Torque  val&es  for 
specific  installations  are  usually  listed  in  the 
applicable  technical  publications.  If  it  is  not 
possible  to  use  a  torque  wrench,  use  the  fol- 
lowing procedures  for  tightening  nuts. 

After  the  nut  is  handtight,  turn  the  nut  1/ 6 
turn  (one  flat  on  a  hex  nut)  with  a  wrench.  Use 
$  wrench  on  the  connefctor  to  prevent  it  from 
turning  while  lightening  ihe  nut. _Aftex_the_ tube, 
assembly  is  installed,  the.  system  should  be 
pressure  tested.  Should  a  connection  leak,  it 
is  permissible  to  tighten  the  nut  an  additional 
1/6  turn  (making  a  total  of  1/3  turp).  If,  after 
tightening  the*nut*a  total  of  1/3  tatn,  leakage 
"still  -exists,  -the  assembly  -should  -tie  removed  - 
and  the  components  of  the  assembly  inspected 
for  scores,  cracks,  presence  of  foreign  mate- 
rial, or  damage  from  overtightening. 

NOTE:  Overtightening  a  flareless-tube  nut 
drives  the  cutting  edge  of  the  sleeve  or  ferrule 
deeply  into  the  tube,  causing  the  tube  to  be 
weakened  to  the  point  where  normal  vibration 
could  cause  the  tube  to  shear.  After  inspection 
(if  no  discrepancies  are  found),  reassemble  the 
connection*  anfa  repeat  the  pressure  test  pro- 
cedures. 

CAUTION:  Do  not  in  any  case  tighten  the 
nut"  beyond  1/  3  turn  (two  flats  on  the  hex  nut); 


this  Is  the  maximum  the  fitting  jnay  be  tight- 
ened Without  the  possibility  of  permanently 
damaging  the  sleeve  or  the  tube. 

CONNECTORS  FOR  FLEXIBLE  HOSE 

As  previously  stated,  extra-high-pressure 
and  some  high-pressure  flexible  hose  are  avail- 
able only  in  complete  assemblies  with  factory 
installed  end  fittings.  The  procedures  involved 
in  the  fabrication  of  low-,  medium-,  and  high- 
pressure  hose  £re  contained  in  applicable  Rate 
Training  Manuals  and  in  applicable  technical 
publications.  1 

The  end  fittings  most  commonly  used  on 
flexible  hose  used  in  fluid  power  systems  are 
either  for  the  flared  or  fiareless  type  con- 
nectors. Hose  is  also  available  with  fittings 
adaptable  to  flange  type  connectors.  Examples 
of  end  fittings  for  flexible  hose  are  illustrated 
in  figure  5-1^. 

•  QUICK-DISCONNECT  COUPLINGS 

Quick-disconnect  couplings  of  the  self- 
sealing  type  are  used  at  various  points  in  many 
fluid  power  systems.  These  couplings 'are  in- 
stalled at  locations  where  frequent  uncoupling 
of  the*  lines  is  required  for  inspection,  test, 
and  maintenance..  Quick-disconnect  couplings 
are  also  commonly  used  in  pneumatic  systems 
to  cGnnect  sections  of  air  hose  together  and  to 
coni^fc-iools  to  the  air  pressure  lines.  This 
premies  a  convenient  method  of  attaching  and 
detachihg  tools  and  sections  of  lines  without 
losing  pressure. 

Quick-disconnect  couplings  provide  a  means 
of  quickly  disconnecting  a^  line  without  the  loss 
of  fluid  fromjthe  system  or  entrance  of  foreign 
matter  iffio  tfe  system.  Several  types  of-quick- 
disconnect  couplings  have  been  design^  for  use 
in  fluid  power  systems.  Figure  5-17  illustrates 
a  coupling  that  is  used  with  portable  pneumatic 
tools.  The  male  section  i$  connected  to  the 
tool  or  to  the  line  leading  from  the  tool'.  The 
female  section,  which  contains  the  shutoff  valve, 
is  installed  in  the  pneumatic  line  leading  from 
the  power  source.  These  connectors  can  be 
separated  or  connected  by  very  little  effort  on 
the  part  of  the  operator.  x 

The  most  common  quick-disconnect  coupling 
for  hydraulic  systems  consists  of  two  parts, 
held  together  by  a  union  nut.  Each  part  contains 
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SWIVEL  NUT  FITTING 


'  SWIVEL  NUT  FITTING  NIPPLE 


SWIVEL  NUT  FITTING  45# 


SWIVEL  NUT  FITTING  NIPPLE  45* 


FLANGE  FITTING 


FLANGE  FITTING  NIPPLE 


i-LANGE  -F1TTINGJI5*  1 


%-     .  FLANGE  FITTING  NIPPLE  45° 

Figure  5-16. —Flexible  hose  end  fittings. 
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a  valve  which  is  held  open  when  the  coupling  ling  is  disconnected,  a  spring  in  each  part 
is  connected,  allowing  fluid  to  flow  in  either  closes  the  valve,  preventing  the  loss  of  fluid 
direction  through  the  coupling.  When  the  coup-      and  entrance  of  foreign  matter. 
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Figure  5-17.-Quick>-disconnect  coupling 
for  air  lines. 

The  union  nut  -has  a  quick-lead  thread 
which  permits  connecting  or  disconnecting  the 


coupling  by  turning  the  nut.  The  amount  the 
nut  must  be  turned  varies  with  different  styles 
of  couplings.  For  ope  style,  a  quarter  turn  of 
the  union  nut  locks _  or  unlocks  the  coupling. 
For  another  style,  a  full  turn  is  required.  Some 
couplings  require  wrench  tightening;  others  may 
be  connected  and  disconnected  by  hand.  Some 
installations  require  that  the  coupling  be  safe- 
tied  with  safety  wire,  others  do  not  require  any 
form  of  safetying.  Because  of  these  individual 
differences,  all  quick-disconnects  should  be  in- 
stalled in  accordance  with  the  instructions  in 
the  applicable  technical  publications. 

One  type  of  quick-disconnect  coupling  fox 
hydraulic  systems  is  illustrated  in  figure  5-18 


SI  HALF 


S4  HALF 


1.  Tubular  valve.  6.  Protruding  nose. 

2.  Valve  spring.  7.  Poppet  valve. 

3.  O-ring  packing.  8.  Lock  spring. 

4.  Sleeve.  9.  Mounting  flange. 

5.  Union  nut  teeth. 

Figure  5-18.—  Typical  quick-disconnect  coupling. 
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HEAD  OF 
TUBULAR  VALVE - 


■PROTRU0IN6  NOSE 


LOCK 
TEETH 


LOCK 
TEETH 


MOUNTING 
FLANGE 


UNION  NUT  ASSEMBLY         10CKSPRING  ASSEMBLY 


-FLUSH 


1-iNCH  MINIMUM  GAP 
SPRING  PLATE 


LOCKSPRING  ASSEMBLY 
UNLOCKED  (PARTS  ARE 
•  NOT  FLUSH) 


LOCK  TEETH 
(HIDDEN) 


m 


SPRING 
RETAINER 
FINGERS 


COUPLINGS  PROPERLY  TIGHTENED 


COUPLINGS  IMPROPERLY  TIGHTENED 
(TEETH  DISENGAGED) 


Figure  5-19.~Quickrdisconnect  coupling  properly  and  improperly  tightened. 
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Each  coupling  consists  of  two*halves,  referred 
to  as  the  SI  half  and  tfce  S4  half.  When  discon- 
nected, the  union  nut  remains  with  the  SI  half. 
The  S4  half  has  a  mounting  flange  (9)  for  at- 
taching to  a  bulkhead  or  other  structural 
member. 

All  parts  referred  to  in  the  following  dis- 
cussion are  identified  in  figure  5-18.  The  two 
halves  of  the  coupling  may  be  connected  by 
placing  the  tubular  valve  (1)  within  the  pro- 
truding nose  (6)  of  the  mating  half  and  rotating 
the^unioir^nut  ih  ^clctekwise  direction.  The 
union  nut  must  be  *otatecTuritil  the  teeth  (5) 
fully  engage  the  lock  spring  (8).  A  properly 
tightened  coupling  will  have  compressed  the  lock 
spring  until  a«l/16-inch  minimum  gap  exists 
between  the  inside  lip  of  the  spring  retainer 
fingers  and  the  spring  plate.  Figure  5-19  shows 
the  coupling  both  properly  tightened  and  im- 
properly tightened. 


The  locking  action  may  be  followed  by  re- 
ferring to  figure  £-18.  Positive  locking  is 
assured  by  the  locking  spring  (8)  with  teeth 
which  engage  the  ratchet  teeth  on  the  union  nut 
(5)  when  the  coupling  is  fully  connected.  The 
lock  spring  automatically  disengages  when  the 
-  union-nut-is  unsere^etL  . An. .  Qt ring  jgcj&ngJ^L^, 
seals  against  leakage  as  the  coupling  halves  are 
joined.  Positive  opening  of  the  valves  occurs  as 
the  halves  are  connected. 

When  the  coupling  halves  are  joined,  the 
protruding  nose  (6)  of  the  S4  half  contacts  the 
sleevfc  (4)  6f  the  SI  halt  Simultaneously,  the 
head  of  the  tubular  valv£  (1)  contacts  the  face 
of  the  poppet  valve  (7)rthus  preventing  fareign 
matter  from  entering  the  system. 

Tightening'the  union  pulls  the  cqupling  halves 
together.  This  causes  the  nose  of  the  S4  half  to 
push  the  sleeve  into  the  SI  half,  uncovering 
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the  ports  of  the  tubular  valve.  At  the  same 
time,  the  head  of  the  tubular  valve  depresses 
the  poppet  valve. 

When  the  coupling  halves  are  fully  connected, 
the  sleeve  and*  poppet  valve  have  reached  the 
positions  shown  in  the  lower  left-hand  view  of 
figure  5-19.  The  nose  of  the  S4  half  has  engaged 
the  O-ring  packing  of  the  SI  half,  providing  a 
positive  seal. 

Dust  caps  are  usually  provided  with  quick- 
disconnect  couplings  to  cover  the  ends  of  the 
cpupling  when  it  is  disconnected. 

MANIFOLDS  '      -  - 

Some  fluid  power  systems  are  equipped  with 
manifojds  in  the  pressure  supply  and/or  return 
lines.  A  manifold  is "  a  lIuTdrconaBclor  wETcfi 
provides  multiple  connection  ports.  Manifolds 
serve  to  eliminate  piping,  to  reduce  joints  which 
are  often  a  source  of  leakage,  and  to  conserve 
space.  For  example,  manifolds  may  be  used  in 
systems  that  contain  several  subsystems.  One 
common  line  connects  the  pump  to  the  mani- 
fold. There  are  outlet  ports  in  the  manifold  to 
provide  connections  to  each  subsystem.  A  sim- 
ilar.manifold  may  be  used  in  the  Return  system. 
Lines  from  the  control  valves  of  the-subsystem 
*  connect  to  the  inlet  ports  of  the  manifold  where 


the  fluid  combines  into  one  outlet  line  to  the 
reservoir.  Some  manifolds  are  equipped  with 
tfie  check'  valves,  relief  valves,  filters,  etc., 
required  for  the  system.  In  some  cases,  the 
Control  valves  are  mounted  on  the  manifold  in 
such  a  manner  that  the  ports  of  the  valves  are* 
connected  difectly  to  the  manifold.. 

Manifolds  are  usually  one  of  three  types- 
sandwich,  cast,  or  drilled.  The  sandwich  type 
is  constructed  of  three  or  more  flat  jriates.  The 
center  plate  (or  plates)  is  machinecKfor  pas- 
sages, and  the  required -inle^and^-ouflet-parts^ 
are  drilled  into  the  outer  plates.  The  plates  are 
then  bonded  together  to  provide  a  leakproof 
assembly.  The  cast  type  of  manifold  is  designed 
with  cast  passages  and  drilled  ports.  The  cast- 
ing may  be  iron,  steel,  bronze,  or  aluminum, 
depending:  upon  Jthe_iype  ofjsystejm  apd  fluid 
medium.  In  the  drilled  type  manifold,  all  ports 
and  passages  are  drilled  in  a  block  of  metal. 

A  simple  manifold  is  illustrated  in  figure 
5-20.  This  manifold  contains  one  pressure  inlet 
port  and  several  pressure  outlet  ports.  Since 
any  number  of  the  outlet  ports  can  be  blocked 
off  with  threaded  plugs,  this  type  manifold  can 
be  adapted  to  systems  containing  various 
numbers  of  subsystems.  A  thermal  relief  valve 
may  be  incorporated  in  this  manifold.  In  this 
case,  the  port  labeled  (T)  is  connected  to  the 
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return  line  to  provide  a  passage  for  the  re- 
lieved fluid  to  flow  to  the  reservoir. 

Figure  5-21  shows  a  flow  diagram  in  a 
manifold  which  provides  both  pressure  and 
return  passages.  One  common  line  provides 
pressurized  fluid  to  the  manifold,  which  dis- 
tributes the  fluid  to  any  one  of  five  outlet  ports. 
The  return  side  of  the  manifold  is  similar  in 
design.  This  manifold  is  provided  with  a  relief 
valve,  which  is  connected  to  the  pressure  and 
return  passages.  In  the  ev§nt  of  excessive  pres- 
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sure,  the  relief  4alve  opens  and 
to  flow  from  the  pressure  side 
to  the  return  side. 

Although  manifolds,  are  used  mostly  in  hy- 
draulic systems,  the  demand  for  them  in  pneu- 
matic systems  is  increasing. 

PRECAUTIONARY  MEASURES 

The  fabrication,  installation,  and  mainte- 
nance of  specific  fiuid  lines  and  connectors  are 
beyond  the  scope  of  this  training  manual.  How- 
ever, there  are  some  general  precautionary 
measures  that  apply  to  the  maintenance  of  all 
fluid  lines.  Some  of  these  are  discussed  in  the 
following  paragraphs. 

-  It- should  be  emphasized  that  regardless  of 
the  type  of  lines  or  connectors  used*o  make  up 
a  fluid  power  system, -make  certain  that  thtfy 
aye  the  correct  size  and  strength  and  perfectly 
clean  on  the  inside.  All  lines  must  be  absolutely 
clean  and  free  from  seal?  and  other  foreign 
jnatter*.  Jron.j>x  atgeLpipg^J^igg^  andJittings, 
can  be  cleaned  with  a  boiler  tube  wire  brush  or 
with  commercial  pipe  cleaning  apparatus.  Rust 
and  scale  can  be  removed  from  short,  straight . 
pieces  by  sandblasting,  provided  there  is  no 
danger  that  sand  particles'  will  remain  lodged 
ih  blind  holes  .or  pockets  after  the  piece  is 
flushed.  In  the  case  of  long  pieces  or  pieces' 
bent  to  complex  shapes,  'rust  and  scale  can  be  . 
removed  by  pickling  (cleaning  metal  in  a  chem- 
(l£ai  bath).  Parts  mxfat  be  degreased  prior  to 
Mcy  pickling.  The  Manufacturer  of  the  parts 
should  provide  complete  pickling  instructions.. 

'Open  ends  of  pipes,  tubing,  hose,  and  fit- 
tings should  be  capped  or  plugged  when  they 
are  to  be  stored  for  any  considerable  period. 
Rags  or  waste  must  not  be  used  for  this  purpose, 
—frecause^hey  deposit-  harmftil~4int  whieh^can— 
cause  severe  damage  to  the  fluid  power  system. 
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As  related  in  chapter  1,  Pascal's  theorem, 
,  from  which  evolved  the  fundamental  law  f the 
Science  of  hydraulics,  was  proposed  in  the  17th 
century.  One  stipulation  that  was  necessary  to 
make  the  law^effective  for  practical  application* 
Was  a  piston  that  "would  "fit11  the  opening  in  the 
vessel  "exactly."  This  was  not  accomplished 
until  over  100  years  later.  It  was  late  in  the^l8th 
century^  when  an  Englishman,  Joseph-Brahmah, 
invented  the  cup  packing  which  led  to  the  develop- 
ment of  the  hydraulic  press, 

The  packing  was  probably  the  mos't  important 
invention  in  the  development  of  hydraulics  as  a 
leading  method  of  transmitting  power.  Of  course, 
the  invention  and  development  cJ  machines  to  cut 
and  shape  closely  fitted  parts  were  also  very 
important  in  the  development  of  hydraulics. 
However,  some-  type  of  packing  is  usually  re- 
quired to  ingke  the  piston,  and  many  other  parts 
o{  hydraulic  components,  to  "fit  exactly.11  This 
also  applies  to  the  components  of  pneumatic 
systems.   .  _______ 

Through  years'^of  research  and  experiments, 
many  different  materials  and  designs  have  been 
used  in  Ihe  development  <f  suitable  packing 
devices.  The  materials  must  be  durable  and 
provide  effective  sealing.  In,  addition,  the 
,  materials  4nust  be  compatible  with-^th*  fluids' 
used  in  the  system.  Several  different  designs  are 
necessary  to  satisy,  the  various  requirements  of 
fluid  power  systems.        w"    ^  % 

These  packing  materials  commonly  re- 
ferred io  as  se?ds  or  sealing-devices.  Irytert^ 
thecals  used  in  fluid  power  systejns  aria  com- 
ponents- are  divided  into*t^p  general  plasses— 
static  seals  and  dynamic  seals.  The  static  seal, 
usually  referred  to  as^t  gasket,  isusejlto  provide 
a  seal  between  two  parts  where  no  relative  motion 
is  involved.  ForWshjple,  gaskets  are  u$ed  in  the  r 
assembly, of  coyer  plates  on  reservoirs  and  end 
plates  or,other  nonmoving  parts  of  certain  types 
of  pumjJsT  motors,  valves,  etc. 


The  dynamic  seal  is  commonly  ref erredfto  as 
a  packing.  The  packing  is  used  to  provide  fe  seal 
between  two  parts  which  move  in  relation  to  each 
other;  for  example,  a  piston  which  moves  back 
and  forth  within  a  cylinder.  These  two  classifi- 
cations of  -seals— gaskets  and  packings— will 
apply  in.most"cases;  however,  deviations  maybe 
found  in  some  technical  publications.  It  should 
be  noted  that  certain  types  of  seals  (for  example, 
the  O-ring  which  is  discussed  later)  may  be  used 
either  as  a  gasket  or  a  packing. 

Many  of  the  seals  influid  power  systems  pre- 
vent external  leakage..  These  seals  provide  a 
twofold  purpose— to  seal  the  fluid  in  the  system 
.  and  to  keep  foreign  matter  out  of  the  system. 
Other  seals  simply  prevent  internal  leakage, 
within  a  system.  These  applications  are  illus- 
trated in  figure  6-1.  Gaskets  are-installed  t^er  * 
tween  the  cylinder  wall  and  the  end  Qaps  (points' 
(A)  and  (BJ) .  to  prevent  external  leakage.  /  A 
packing  is  installed  between  the  piston  rod  and  „ 
one  end  cap  (point  (D))  which,  also  prevent^ 
extern  aT  leakage.  A  packing  is  also*  ins  tailed  on 
the  piston  (point  (Q)  to  prevent  internal  le^cage./ 

NOTE:  Although  leakage  of  any  kiiid'results. 
in  a  loss  of  efficiency,  some  leakage,  especially 
internal  leakage,  is  desired  in  hydraulic  systems' 

.  to^rQvideJubricaticmjD^^^ 

.applies  to  some  pneumatic* systems  in  tyhich. 
drops  of  oil  are  introduced  into  the flow>df  air 
the  system.  As  a  result,  a  slight  ainountdf  in-, 
ternal  leakage  within  the  system  kroYideslubri- " 
cation  of  moving  parts.  -      .  ^v.- 

The  first  part  of  this  chapter  deals  primarily 
with  the  characterises  of  the  different  types  of 
materials  used  in  the  construction  of  seals.  The 
next  Action  is  devoted  to.  the  different  shapes 
and  designs  of  sells 'and  their  application  as 
gaskets  and/or  packings  in  fluid  pdwgr  sy$teirts. 
Most  emphasis  is  on  the  O-ring,  since  it  isihe 
most  cfimmon  seal  used  tn  fluift  power  systems. 
Also  included  in  this-  chapter  are  sections 
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END  CAP  * 


Figure  6-i.-Application  dL  seals 


concerning  the  functions  at  wipers  and  backup 
washers  in  fluid  power  systems  and  on  the 
selection,  storage,  and  handling  of  sealing 
devices. 


materials  used  in  the  construction  of  seals 
for  fluid  power  systems  are  discussed  in  the 
following  paragraphs. 


MATERIALS 

As  mentioned  previously,  several  different 
types  of  material  are  used  in  the  construction  of 
seals%  In  the  early  years  of  fluid  power,  seals 
were  made  of  such  materials  as  rope,  sawdust, 
rags,  etc.  Tfrese  materials  were  jammed  into  a 
stuffing  bof  by  means  of  a  packing  gland  The 
use  of  such  materials  led  to  extrusion  of  the 
material  through  clearance  spaces,  rapid  wear^ 
and  continual  leakage,  in  varying  amounts. 
"-Therefore,  these  seals  demanded  almost  con- 
stant attention. 

Natural  rubber,  has  many  of  the  charac- 
teristics required  in  an  effective  seal.  However, 
as  discussed  in  chapter  3,  natural  rubber  is  not 
compatible  with  petroleum  base  fluids.  Since- 
this  type  fluid  is  commonly  used  in  hydraulic 
systems  and  petroleum  base  oils  are  used  as 
'  lubricants  in  pneumatic  systems,  natural  rubber 
se*ls  have  limited  use  in  fluid  power  systems. 
They  are  sometimes  used  in  automotive  brake 
systems,  which  utilize  vegetable  base  fluids. 

«*Today,  seals  ax*e  made  of  materials  which 
have  been  carefully  chosen  or  jdeveloped-for 
specific  applications.  These  materials  include 
synthetic  rubber,  cork,  leather,  and  metal. 
Asbestos  seals  are  sometimes  used  where  heat 
is  a  problem.    Some  of  the,  most  common 


SYNTHETIC  RUBBER 

*  Although  experiments  were  conducted  in  the 
search  for  a  synthetic  rubber  in  thrl800'fl  and 
early  1900*  s,  it  was  late  in  the  1930' s  before 
suitable  synthetic  compositions  were  developed. 
Among  other  desirable  characteristics,  s'tittfeof 
these  compositions  were  resistant  to  petroleum 
base. fluids  and,  therefore,  became  the  leading 
materials  for  fluid  ^ower  seals.  Since  then, 
great  advancements^have  been  made  tothis  field. 
New  synthetics  have  been  developed  aftd  the 
earlier  synthetics  have  been  improved. 

The  basi<  substance  used  in  the  composition 
of  many  synthetic  rubbers  is' petroleum  or 
alcohol.  Different  chemicals  are  added  to  the 
basic  substance  to  obtain  different  synthetics. 
The  names  of  these  different  synthetics  are 
usually  derived  from  their  chemical  compo- 
sition.  Butyl,  buna  N,  neoprene*,  polyacrylate, 
thiokol,  ethylene  propylene,  and  fluorosilicone 
are  some  of  the  synthetic  compositions  available. 
Seals  made  of  such  synthetics  as  ethylene 
propylene  and  fluordsilicone  are  required  in 
systems*  containing  the  newer  synthetic  fluids. 
Seals  made  of  butyl  and  buna  N  are  used  in 
some  fluid  power  systems.  However,  heoprene, 
which  was  one  of  the  first  synthetic  compositions, 
is  the  most  widely  used  material  in. making 
seals  for  fluid  power  systems. 
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Many  factors  contribute  to  make  synthetic 
rubber  ideal  for  fluid  power  seals.  This 
material  is  virtually  impermeable  (prevents 
passage  of  fluid>  in  a  compressed  state  and, 
therefore,  requires  less  sealing  load  than  many 
other  types  of  seals.  Synthetic  rubber  is  easily 
formed  and  is  available  in  sheet  form  and  in 
molded  shapes  for  different  applications.  Sev- 
eral types  of  synthetic  rubber  seals  are  capable 
of  functioning  in  temperature  ranges  as  wide  as 
-65°  to  300°  F.  Some  of  the  newer  synthetics  can 


CORK  AND  RUBBER 

Cork  and  rubber  seals  are  made  by  com- 
bining synthetic  rubber  and  cork.  This  com- 
bination allows  a  sealing  material  having  the 
properties ,  of  both  o£  the '  two  materials.  This 
means  that  seals  can  be  made  with  the  com- 
pressibility of  cork,  but  with  a  resistance  to 
fluid  comparable  to  the  synthetic  rubber  on 
which  they  are  based.  Cork  and  rubber  com- 
position  is   sometimes  used  as  gaskets  for 


withstand  even  greater  temperature  ranges. 

There  agf  two  general  classee-trf  synthetic 
rubber  seats.  One  class  is  made  entirely  of 
a  certain  synthetic  rubber.  The  term  homo- 
geneous, Which  means  having  uniform  structure 
or  composition  throughout,  is  frequently  used  to 
describe  this  class  of  seal.  The  other  class  of 
seal  is  made  by  impregnating  woven  cotton  duck 
or  fine-weave  asbestos  >with  synthetic  rubber. 
This  class  is  sometimes  referred  to  as  fabri- 
cated seals.  (Natural  rubber  impregnated  seals 
are  available  for  some  applications.) 


CORK 

£ork  has  several  of  the  required  properties 
which  make  it  ideally  suited  as  a  sealing 
material  in  certain  applications.  The  com- 
pressibility of  cork  composition  seals  make 
them  well  suited  for  confined  applications  where 
no  relief  for  side  $ow*can  be  provided.  In' 
other  words,  cork  can  be  compressed  enough 
to  provide  an  effective  seal  with  only  a  limited 
spread  of  the  material.  Much  of  the  compression 
is  absorbed  by  the  material  itself. 

Cork  can  be  cut  to  any  desired  thickness  and 
shape  to  fit  any  surface  and  still  provide  an 
excellent  seal.     It  "can  withstand  sustained" 
temperatures  up  to  approximately  .270°  F. 


applications  similar  to  those  described  for  cork 
gaskets. 


METAL 


*  One  of  the  mosT  common  metal  seals  used 
in  Navy  equipment  is  copper.  Flat  copper^ 
rings  are  sometimes  used  as  gaskets  under 
adjusting  screws  to  provide  a  fluid  seal.  Molded 
copper  rings  are  sometimes  used  as  a  packing 
with  speed  gears  operating  under  high  pressures. 
Either  type  is  easily  pent  and  requires  careful 
handling.  In  addition,  copper  becomes  hard 
when  used  over  long  periods  or  is  subjected 
to  compression.  Whenever  a  unit  or  component 
is  disassembled,  the  copper  sealing  rings  should 
be  replaced.  However,  if  new*  rings  are  not 
available  and  ~  the  part  must  be  repaired,  the 
old  ring  should  be  softened  by  annealing.  (An- 
nealing is  the  process  of  heating  a  metal,  then 
cooling,  so,  as  to  make  the  metal  more  pliable 
and  less  brittle.) 

Metallic  piston  rings  are  used  as  a  packing 
in  some  fluid  power  actuating  cylinders.  These 
rings  are  similar  in  design  to  the  piston  rings 
in  automobile  engines.  In  some  instances,  this 
automotive  type  ring  is  made  of  Teflon. 


TYPES  OF  SEALS 


One  of  the  undersirable  characteristics  of 
cork  is  its  tendency  to  crumble.  Therefore, 
if  cork  seals  were  used  as  packings  or  in  areas 
where  there  is  a  high  fluid  pressure  and/or 
high  flow  velocity,  small  particles  wouldbecast 
off  into  the  system.  For  this  reason,  cork 
seals  have  limited  use  in  fluid  power  systems. 
Cork  gaskets  are  sometimes  used  under  the 
inspection  plates  on  hydraulic  reservoirs.  „ 
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Fluid  power  seals  are  usually  typed  in 
accordance  with  their  shape  or  design.  These, 
types  include  O- rings,  Quad- rings,  V-rings, 
U-rings,  cup  seals,  and  flange  Seals.  Figure 
6-2  illustrates  some  of  these  seals.  A  section 
is  cut  out  of  each  seal  to  show  the  cross- 
sectional  shape. „  A  few  of  the  more  common 
seals  used  in  fluid  power  systems  are  discussed 
in  the  following  paragraphs. 
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Chapter  6— SEALING  DEVICES  AND  MATERIALS 


O  -KING 


-  leakage*  The  Oring  forms  the  seal  by  dis- 
tortion of  its  resilient,  elastic  compound,  thus 
filling  theftfeakage  path.  ^ 

Figure  6*3  shows  the  proper  installation 
of  an  Oring  6eal.  The  clearance  for  the 
seal  is  less  than  its  free  outer  diameter,  and 
the  Oring  is  ( squeezed  diametrically*  out-of- 
rnund  avpti  hofnro  the  application  of  pressure. 
'  (See  view  (A),  fig.  6-3.) 

When  pressure .  is  applied  to  the  Oring, 
the  seal  moves  away  from  the  pressure  into 
the  path  of  the  possible  leakage  (fig*  6-3 
(B)).  The  Oring  is  designed  so  that  the  seal 
flows  up  to  the  passage,  thus  completely  sealing 
it  against  leakage.  The  greater  the  pressure 
applied,  the  tighter  the  seal  becomes.  When 
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Figure  6-2.— Fluid  power  seals. 
0- RINGS 

An  Oring,  as  shown  infigure  6-2,  is  circular 
in  shape,  and  its  cross  section  is  small  in* 
relation  to  its  diameter.  The  cross  section  is 
truly  round  and  has  been  molded  and  trimmed 
to  extremely  close  tolerances.  The  ellipitcal 
seal  is  also  included  in*  this  discussion*  This 
seal  is  similar  to  the  Oring  except  for  its 
cross- sectional  shape.  As  its  name  implies, 
its  cross  section  is  elliptical  in  shape. 

Some  O-rings  are  made  of  natural  rubber; 
however,  most  are*  made  of  one  of  the  synthetic 
compositions.  The  Oring  is  usually  fitted  into 
a  rectangular  groove  machined  into  the  mejch- 
.anism  to  be  sealed"  As  stated  previously, 
O-rings  misty  be  used  as  gaskets  or  packings, 
and  are  used  to  prevent  external  or  internal 


the  pressure  is  decreased,  the  resiliency  and 
elasticity  of  the  seal  results  in  the  Oring 
returning  to  its  natural  shape. 


Identification  and  Inspections 

Individuals  working  with  fluidpower  systems 
must  be  able  to  positively  identify,  inspect, 
and  install  the  correct  size  and  type  Oring 
for  every  application  in  order  to  insure  'the 
best  possible  service. 

The  task  of  procuring  and  positively  ident- 
ifying the  correct  seal  can  be  difficult  since 
part  numbers  cannot  be  put  directly  on  the 
seals.  In  addition,  there  is  a  continual  intro- 
duction of  new  types  of  seals  and  obsolescence 
of  others. 

Most  Orings  are  identified  -with  a  color 
code  to  denote  the  specific  use  for  which  they 
are  intended  Colored  dots,  dashes,  and  stripes, 
or  combinations  of  dots  and  dashes  on  the 
surface  of  the  Oring  indicate  the  medium  (air, 
gas,  or  other  type  of  fluid  medium)  in  which 
the  Oring  is  usable.  Identification  marks  are 
,read  clockwise  around  the  ring. 

The  first  mark  on  the  Oring  indicates  the 
fluid  medium/  Ablue  dot  or  blue  stripe  indicates 
a  seal  that  is  used  with  air  and/or  petroleum 
base  hydraulic  fluid.  The  next  mark  following 
the  first  identification  mark  denotes  the  manu- 
facturer; however,  in  some  instances  manu- 
facturer1 s  marks  are  not  required. 

Color  coding  of  O-rings  ifc-not  always  a 
complete  and  reliable  means  of  identification, 
There  are  several  limitations  to  the  color 
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Figure*6-3.— Properly  installed  O-ring. 


coding.  Some  coding  is  not  permanent,  while  it 
may  be  omitted  on  some  O- rings  due  to  manu- 
facturing difficulties  or  interference  with  oper- 
ation* Furthermore,  the  color  system  provides 
no  means  to  establish , the  size,  age,  and  other 
important  data*  For  these  reasons,  O- rings  are 
made  available  in  individually  sealed  envelopes 
labeled  with  all  the  necessary  pertinent  data. 
It  is  reconjmended  that  th£y  be  processed  and 
stocked  in  these  envelopes.  An  example  of  the 
information  printed  on  the  O-ring  envelope  is 
illustrated  in  figure  8-4. 

When  selecting  an  O-ring  for  installation, 
information  on  the  package  should  be  carefully 
observed.  If  an  0-ringv  cannot  be  positively 
identified,  it  should  be  discarded.  The  part 
number  on  the  seaWti  package  provides  the 
most  reliable  and  complete  identification. 

Although  an  O-ring  may  appear  perfect  at 
first  glance,  slight  surface  flaws  may  exist 
These  are  often  capable  of  preventing  satis- 
factory O-ring  performance  under  the  variable 
operating  pressures  of  fluid  power  systems. 
Therefore,  O-rings  should  be,  rejected  for  any 
flaws  that  will  affect  their  performances     *  . 

By  rolling  the  ring  on  an  inspection  cone 
or  dowel,  the  inner  diameter  surface  can  be 
checked  for>small  cracks,  particles  of  foreign 
matter,  arid  other  irregularities  that  will  cause 
leakage  or  shorten  the  .life  'of  the  O-ring. 
The  slight  stretching  of  the  ring  when  it  is 
rolled  inside  but  will  help  to  reveal  some 
defects  not  otherwise  visible.  A  further  check 
of  each  O-ring  should  be  made  by  stretching 
it  between  the  fingers,  but  care  must  be  taken 
not  to  exceed  the  elastic  limits  of  the  rubber. 


KZ5330-833-749I 

PACKING  PREFORMED  SYN.  RUBBER 

I  EACH  (MS28778-5) 

DISC -39329 

A- 5/70 

SR  8I0-B-90 

MFD.  DATE  4-70  CURE  DATE  2070 
STILLMAN  RUBBER  CO.  (MFGR/CONTR) 
MIL.G-55I0A 


) 


1.  Stock  number. 

2.  Nomenclature. 

3.  Part  number, 

4.  Contract  number 

5.  Preservation. 

Figure  6-4. 
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6.  Rubber  composition 
number. 

7.  Date  ol  manufacture 
and  cure  date. 

8.  Manufacturer. 

9.  Military  specification 
number. 

O-ring  package  identification. 


Following  these  inspection  practices  will  prove 
to  be  a  maintenance  economy.  It  is  far  more 
desirable  to  takk  special  care  identifying  and 
inspecting  0** rings  prior  to  installation  than  to 
repeatedly  overhaul  components  because  of 
faulty  seals. 
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Chapter  6-SEAUNG  DEVICES  AND  MATERIALS 


O-Ring  Replacement 

Figure  8-5  shows  a  typical  Oring  instal- 
lation* When  such  an  installation  shows  signs 
of  internal  or  external  leakage,  the  component 
must  be  disassembled  and  the  seals  replaced. 
Sometimes  components  must  be  resealed  be- 
cause of  the  age  limitations  of  tfie  seals.  Age 
limitation  Is  discussed  later  in  this  chapter. 
Some  of  the  precautions  that  must  be  observed 
when  replacing  Oring  seals  are  discussed  in 
the  following  paragraphs. 
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Figure  6-5.— Typical  Oring  installation. 


After  disassembly  ,of  the  component  in 
accordance  with  the  applicable  technical  instruc- 
tions, the  first  step  in  replacing  an  O-ring 
is  to  identify  it  both  ad  to  size  and  material. 
The  part  number  of  the  seal  required  for  each 
application  should  be  listed  in  the  applicable 
parts  manual  for  the  specific  equipment  This 
number  should  correspond  with  the  part  number 
on  the  package  of  the  replacement,  seal.  (See 
%  item  3,  fig,  6-4.)  This  number  will  usually  be 
an  MS.  (Military  Standard)  number.  The  com- 
plete number  must  be  checked  since  the  dash 
number  indicates  the  size  of  the  O-ring.  Fox 
example,  in  the  number  MS28778-5,  the  -5 
indicates  the  size  of  the  O-ring,  . 

.  After  determining  that  the  replacemeift  seal 
is  made  of  the  correct  material  and  is  of  the 
proper  size,  the  seal  should  be  inspected  for 
cuts,  nicks,  or  flaws  following  the  procedures 
discussed  previously.  If  any  defects  appear, 
the*seal  should  be  discarded. 


Prior  to  installation,  the  O-ring  grooves, 
and  all  surfaces  over  which  the  O-ring  must 
slide  should  be  lubricated.  In  hydraulic  systems, 


this  lubricant  should  be  fluid  of  the  type  that 
is  used  in  the  system.  In  pneumatic  systems, 
these  surfaces  should  be  coated  with  a  lubri- 
cant which  has  a  high  melting  point.  Barium 
and  lithium  soap  grease  is  recommended  for 
use  in  low-pressure  systems,  while  a  silicone 
lubricant  is  recommended  for  use  in  pneumatic 
systems  tha!t  have  pressures  of  1,000  psi  or 
more.  Since  this  lubricant  must  be  compatible 
with  the  seal  material,  the  correct  lubricant 
is  sometimes  listed  in  the  technical  publications 
for  thi  specific  system.  Therefore,  the  appli- 
cable technical  instructions  should  be  consulted 
before  lubricant  is  applied  to  seals  and  sealing 
surfaces  of  pneumatic  systems. 

Felt  washers  are  sometimes  installed  on 
both  sides  of  the  Oring.    These  felt  washers 


91 


will  retain  ~W(Tlul»r<^t~fOT~a^tong  period  of 
/time.   Installations  and  fittings  can  be  provided 
so  that  the  washers  can  be  lubricated  period- 
ically, 

O-ring  installation  often  requires  spanning 
or  inserting  the  O-ring  through  sharp  threaded 
areas,  ridges,  slots,  and  edges.  Such  areas 
should  be  covered  with  an  O-ring  entering 
sleeve  (soft,  thin- wall  metallic  sleeve).  If 
the  recommended  O-ring  entering  sleeve  is 
not  available,  paper  sleeves  and  coyers  may'  be 
fabricated  by  using  the  seal  package  (glossy 
side  out)  or  lint-free  bond  paper.  Adhesive 
tapes  should  not  be  used  to  cover  these  danger 
areas.  Gummy  substances  left  by  the  adhesives 
are  extremely  detrimental  to  fluid  power  sys* 
terns. 

After  the  O-ring  is  placed  in  the  cavity- 
provided,  it  should  be  gently  rollea  with  the 
fingers  to  remove  any  twist  that  might  have 
occurred  during  installation. 

When  removing  or  installing  O-rings,  the 
use  of  pointed  or  sharp-edged  tools  which  might 
cause  scratching  or  marring  of  component 
surfaces  or  cause  damage  to  the  O-ring  should 
be  avoided.  Special  tools  may  be  fabricated 
for  this  purpose.  A  few  examples  of  tools 
used  in  the  removal  and  installation  of  O-rings 
are  illustrated  in  figure  B-6,  These  tools 
should  be  fabricated  from  soft  metal  such  as 
brass  or  aluminum;  however,  tools  made  from 
-phenolic  rod,  wood,  or  plastic  may  also  be 
used.-  In  fact,  plastic-  tools  of  this  type  are 
available  in  kits  through  the  supply  system. 

The  O-ring  seal,  when  used  alone,  is  limited 
to  systems  having  maximum  operating  pressures 
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Figure  6-6.— 0- ring  removal  and 
 installation  tools. 


erf  1,500  psi  or  less.  This  is  particularly 
true  when  the  O-ring  is'  used  as  a  packing. 
In  systems  ;&rtth  operating  pressures  above 
1,500  psi;  backup  washers  are  v  installed  in 
conjunction  with  the  seal.  Backup  washers  are 
discussed  later  in  this  chapter. 


QUAD-RINGS 

The  Quad-ring  is  very  similar  to  the  O-ring 
discussed  previously;  the  major  difference  being 
that  the  Quad- ring  has  a  modified  square  type 
of  cross  section,  as  shown  in  figure  6-7.  Like 
0- rings,  Quad- rings  are  molded  and  trimmed 
to  extremely  close  tolerances  in  cross-sectional 
area,  inside  diameter,  andr  outside-diameter. 
The  Quad-ring  is  relatively  new  and  is 
presently  used  as  a  packing  for  reciprocating 
Or  rotary  motion  and  can  also  be  used  as  a 
static  seal.  The  composition  and  the  design 
of  Quad-rings  are  ^uch  that  they  could  be  used 

-in  most  applications  in  place  of  Cf-rings.  The 
relatively  square  cross  section  ot  the  Quad- 
ring  helps  to  eliminate  the  spiral  twist  that  is 

.sometimes      encountered   with   the-  O-ring. 


Figure  6-7.— Quad- ring. 


The  elimination  of  the  spiral  twist  will  in 
many  instances  extend ,  the  life  of  the  seal. 

2SacFrtngs~are  ideally-  suited  for  both  low 
pressures  and  extremely  high  pressures.  An 
example  of  a  Quad- ring  used  as  a  cover  gasket- 
is  illustrated  in  figure  6-8. 
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Figure  6-8.— Quad-ring  used  as  cover  gasket 
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Several  years  ago,  the  V-ring  was  the 
predominant  seal  used,  in  fluid  power  systems. 
In  recent  years  it  has  been  replaced  by  the 
O-ring  in  most  applications.  However,  V- 
rings  are  still  used  in  some  applications. 

Udlike  the  O-ring  the  V-ring  seal  will 
provide  a  seal -in  only  one  direction.  Therefore,, 
if  a  piston  is  to*  move  in  twd  directions  Under 
pressure,  two  sets  of  Vr  rings  must  be  used 
V- rings  are  always  installed  with  the  open  end 
of  the  V  facing  the  pressure.  Male  and  female 
adapters  are  used  in  conjunction  with  V- rings 
for  reinforcement  A  V-ririg  and  male  ajid 
female  adapters  are  illustrated  in  figure  6-2. 
A  V-ring  installation  is  illustrated  in  figure 
6-9.  " 
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Figure  6-9.— V-ring  installation. 


Installation  of  V-rings  is  slightly  different 
from  that .  of ,  O- ring  seals.  The  rings  and 
adapters  are  placed  in  their  respective  grooves, 
one  at  a  time.  After  the  rings  and^adapters  are 
seated  properly,  the  adjusting  nut  is  tightened. 
(See  fig.  6-9.)  The  adjusting  nut  should  be 
tightened'  enough  to  hold  the  seals  securely. 
If  pdssible,  the  unit  should  be  operated  by  hand 
to  check  the  adjustment. 


CUP  SEAL 

4 

The  cup  seal  is  sometimes  used  as  a  piston 
seal  in  fluid  power  systems.  The  cup  seal  is 
generally  made  of  synthetic  rubber  or  leather. 
Some  cup  seals  are  made  of  fabricated  synthetic 
material,  described  earlier  in  this  chapter. 
As  the  name  implies,  the  cup  seal  is  made  in  the 
shape  of  a  cup.  A  typical  cup  seal  is  illustrated 
in  figure  6-10. 


_  Lu-risqs  '  

U- rings  are  used  to  prevent  leakage  in  one 
direction  only.  Typical  uses  of  the  U-ring  are 
in  automotive  hydraulic  brake  assemblies  and 
brake  master  cylinders.  U- rings  are  never  used 
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Figure  6-10.— Typical  cup  seal. 


where  high  pressures  will  be  encountered.  As* 
with  O- rings,  when  U- rings  are  used  in  pneu- 
matic systems,  provisions  must  be  made  to 
lubricate  the  seal.  A  typical  U-ring  seal  is 
shown  in  figure  6-11.  ( 
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.y/IPERS 

Wipers,  which  are  sometimes 

"aTicriers;  are  ™^^T^tZ  W 
toe  exposed  portion  of  piston  rods.  This 
^revento  foreign  matter  from  entering  the 
CTand  scoring  internal  surfaces .  »d dam; 
^n<y  seals  Wipers  may  be  of  the  metallic 
K^y  copper  base  alloys)  or  felt  types.  In 
^mflpplications,  they  are  used  together 
Z TLt  %er  being  installed. behind  the imetaU  c 
wiper.    In  hydraulic  systems,"  the  feU  wiper 
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Figure  6-H-Typical  U-ring  seal. 

FLANGE  SEALS 

.  Flange  3ea!S  are  somettys  used  as  pa^s 

U.  some  ^ff%Zt  ^lTp'^i 
ta  reeommaaded  for  use  od^u,^  ^ 

rtypSTangefaS'teUlaatrated^ngure 
6-12. 
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Figure  6- 12. -Flange  packing.  . 
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nWIPERS  AND  BACKUP  WASHERS 

AHhnmrh  wioers  and  backup  washers,  are 
M,     m JT?s  seals  they  definitely  serve 

paragraphs. 


tt*£ ST I  drilled  passage  or  from  an  external 
fitting  In  pneumatic  systems,  the  felt  wiper 
is  lubricated  with  the  approved  lubricant  from 
an  external  fitting. 

Winers  are  manufactured  for  a  specific  > 

cCed,  J  necessary,  while  component  repair 

iS  MeEa5icSwipers  are  formed  in  split  rings 
(Tor  W  to  insVation  and  -e  manufactured 
Isliehtlv  under  size  h  insure  a  tight fit    one  . 
\SdVo?mTmetallic  wiper  has  alip  which  should 

.   technical  instructions. 

Th*  felt  wioer  may  be  a  continuous  felf 
ringer  a  len^S  of  fel/with  sufficient  material 
ring  /°    ,      Thp  fei*  wioer  should  oe  4 

-        2tS2*A  .he  apprd- 
priate  lubricanWuring  instaUations. 

BACKUP  WASHERS 

One  of  the  major  problems  concerning  seals 
is  toe  problem  of  extrusion.  Extrusion  may  be. 
£wd  as  distortion,  under  pressure,  of  por- 
££i  nf  toe  seal into  toe  clearances  between 
t  0r  J  mSl  oarts     The  extrusion  of  O-rings 

clearances.  When  uie  presauic  However. 
O-rings  return  to  their  original  shape.  However 

cuts  will  become  more  severe,  ana  »  , 
.SS  be  cut  out  of  the  O-rings  This,  of  course.  , 
will  lead  to  the  failure  of  the  O-ring. 
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O-RING 


,000  m 


IACXUP 
WASHER 


PRESSURE  FROM  ALTERNATE  SIDES. 
OR  FOR  OTHER  REASONS  TWO  BACK- 
UP, WASHERS  USEO  ONE  ON  EACH 
SIOE  OF  O-RING 


PRESSURE  ALWAYS  FROM  THIS 
OIRECTION  PLACE  NONEXTROSlON 
DEVICE  AWAY  FROM  PRESSURE. 


Figure  6-1,3.— Extrusion  of  0- rings. 


To  eliminate  extrusion,  the  manufacturer 
must  use  harder  seals,  reduce  clearances,  or 
use  backup  washers.  Backup  washers  are 
commonly  used  for  this  purpose.  A.  backup 
washer  is  a  device  normally  used  behind  a 
seal  to  allow  a  higher  pressure  to  be  applied 
to  the  seal.  A  backup  washer  used  behind  an 
1  Oring,  f qr  example,  will  extend  the  allowable ' 
seal  pressure  frt>m  1,500  psi  to  pressures  in 
excess  of  3,000  psi.  If  the  Oring  is  subject 
to  pressures  from  alternating  sides,  backup 
washers  are  required  on  both* sides  of  the. 
Oring.  An  installation  of  Orings  with  backup 
washers  4s  illustrated  in  figure  6-14. 

Whea  a  part  or  component  is  disassembled 
and  the  packing  is  being  replaced,  the  backup 
washers  should  also  be  thoroughly  inspected. 
Inspection  of  backup  washers  should  include 
a  check  that  surfaces  are  free  from  irregu- 
larities, that  edges  are  clean-cut,  and  that 
scarf  cuts  are  parallel.  Tools  similar  to  those 
used  in  the  removal  and  installation  of  Orings 
should  be  used  for  the  removal  and  installation 
of  backup  washers. 

The  size  of  a  backup  washer  is  indicated  by 
a  dash  number.  The  dash  number  of  the  backup 
washer  should  be  the  same  as  the  dash  number 
of  the  packing  with  which  it  is  to  be  used. 
Most  backup  washers  are  packaged  in  envelopes 
similar  to  %those  described  for  Q- rings.  Infor- 
mation concerning  the  backup  washers  is 
printed,  on  the  envelope.  It  is  reaommended 
that  the  backup  washer  be* retained  in  the 
envelope  until  required. 


FLESH  OR  CUT  SIOE 
OF  LEATHER 


GRAIN  OR  HAIR  SIOE 
OF  LEATHER 
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Figure  6-14.— 0- ring  with  backup  washers. 


Presently,  backup  washers  are  made  of  thin 
split  metal,  bakelite,  chrome^  tanned  leather, 
or  Teflon.  Leather  and  Teflon  are  the  most 
widely  used.  These  two  types  of  backup  wash- 
ers are  described  in  the  foilpwing  paragraphs,. 


Leather 

The  chrome  tanned  leather  backup  washer 
is  made  of  leather  with  hair  on  the  outer  side 
of  the  leather.  The  outer  side  of  t  the  leather 
is  called  the  grain  side,  while  the  cut  or  inside 
of  the  leather  is,  called  the  flesh  side.  The 
backup  washer  id*  always  installed  in  the  gland 
(groove).  The  flesh  side  of  the  backup  washer 
is  always  next  to  the  gland.  This  positions 
the  grain  side  to  the  seal.  (In  this  case,  the 
seal  is  an  Oring.)  If  the  pressure  is  exerted 
on  the  seaU^n  one  direction  only,  the  washer 
is' placed  awav  from  the  pressure.  If  pressure 
is  to  be  appUea  alternately  from  both  directions, 
one  backup  washer  must  be  placed  on  each 
side  of  the  Oring. 

NOTE:  Leather  backup  washers  should 
never  be  cut,   as  results  have   shown  that 
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when  pressure  is  applied,  this  will  be  the 
section  most  likely  to  fail. 

•» 

Teflon 

Backup  washers  made  of  Teflon  do  not 
deteriorate  with  age,  are  unaffected  by  any 
system  fluid  or  vapor,  and  tolerate  temper- 
ature extremes  in  excess  of  those  encountered 
in  high-pressure  fluid  power  systems.  Teflon 
/  >  oacicup  rings  may  oe-  swac^a  in  incHvruuai 
sealed  envelopes  similar  to  those  in  which 
O-rings  are  packed,  or  several  may  be  in- 
stalled on  a  cardboard  mandrel. 

Teflon  backup  washers  are  usually  of  the 
spiral  design,  as  illustrated  in  figure t  6-15. 
When  dual  backup  washers  are  installed;  the 
split  scarfed  ends  must  be,  staggered. 


FP.83 

Figure  6-15.— Teflon  spiral  backup  washer. 


specify  the  type  of  seals  to  be  used  in  their 
equipment,  and  their  instructions  should  be 
followed-when  replacing:  these  items.- -- the- 
proper  seal  is  not  available,  careful  consider- 
ation should  be' 'given  to.  the  selection  of  a 
suitable  substitute. 

As^fdiscussed  in  the  section  on  O-rings, 
applicable  technical  instructions  should  be  con- 
sulted to  select  the  correct  replacement  seal 
in  a  specific  system.  To  simplify  th^aJ§ction 

—---J  v «-  -    --  s- -----  "=»  ~     me^z^i  !_t^ttjl 

usecT  in  naval  service,  UielJavaTShTps  Systems 
Command  has  prepared  a  packing  and  gasket 
chart  (Mechanical  Standard  Drawing  B-153) 
showing  the  symbol  numbers  and  the  recom- 
mended applications  of  most  "types  of  packing 
and  gasket  materials.  Tfre  symbol  number 
used  to  identify  each  type  of  packing  and 
gasket,  consists  of  a  four-digit  number.  The 
first  digit  indicates  the  class  of  seal;  the 
numeral  1  indicates  the  seal  is  a  packing 
and  the  numeral  2  indicates  a  gasket  The 
second  digit  indicates  the  principal  material 
from  which  the  seal  is,  composed.  The  third 
and  fourth  digits  indicate  the  different  styles 
or  forms  of  the  seal. 

Iii  -  addition  to  the  Naval  Ships  Systems 
Command  chart,  most  ships  have  a  packing 
and  gasket  chart  made  up  specifically  for 
each  ship.  The  shipboard  chart  shows  the 
symbol  numbers  and  the  sizes  of  packings 
and  gaskets  required  in  the  ship's  piping 
system  and  equipment. 


SELECTION,  STORAGE,  AND  HANDLING 

The  selection,  storage,  and  handling  of  all 
types  of  seals  are  very  important  to  the  effec- 
tiveness and  to  the  life  of  the  seal.  The  correct 
seal  must  be  selected  for  the  job  and  must 
be  protected  from  outside  elements  during  the 
time  it  is  in  storage.  Some  of  the  precautionary 
measures  that  must  be  considered  in  the  se- 
lection, storage,  and  handling  of  fluid  power 
seals  are  discussed  in  the  following  paragraphs. 


SELECTION 

The  selection  of  the  correct  packings  and 
gaskets  is  an  important  factor  in  maintaining 
an  efficient  fluid  power  system.  Manufacturers 


STORAGE  AND  HANDLING 

It  has  been  found  through  experience  that 
seal  materials,  especially  natural;  and  .synthetic 
rubbers,,  will  deteriorate  with  age.  For  this 
reason,  the  Navy  has  established  an  age  control0 
program  for  these  materials.  This  program 
is  known  as  shelf  life.  Knowing  and  under- 
standing shelf  life  will  save  many  hours  of 
unnecessary  toil  e^erienced  in  repacking  a  _ 
unit  and  having  it  still  leak  because  the  packing 
was  defective  due  to  age. 

Prior  to  installation  of  natural  and  synthetic 
rubber  seals,  -  a  check  must  be  made  to  deter- 
mine  if  these  parts  are  acceptable  for  use. 
All  natural  and  synthetic  rubber  packing  con- 
tainers are  marked  to  facilitate  an  3ge  control 
program.  (See  item  7,  fig.  6-4.)  This  infor- 
mation is  available  for  all  seals  used  regardless 
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of  whether  the  seal  is  stocked  on  shipboard, 
at  stock  distribution  points,  or  furnished  as 
an  integral  part  of  the  component  Positive 
identification  indicating  the  source,  "cure  date," 
and  "expiration  date"  must  be  made  of  seals. 

The  ^ge  control  of  all  seals  is  based  upon 
the  cure  date  stamped  "on  the  manufacturer's 
package.  This  cure  date  is  denoted  in  quarter^. 
For  example,  the  cure  date  2Q70,  illustrated 
in  figure  6-4,  indicates  that  the  seal  was 
manufactured  during  the  second  quarter  of 
1970.  Seals  manufactured  during  any  given 
quarter  are  not  considered  one  quarter  old 
until  the  end  of  the  succeeding  quiarter..  Most 
seal  ag»  limitations  are  determined  by  this* 
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Proper  storage  practices  must  be  observed 
to  provent  deformation  and  deterioration  of 
seals.  Most  synthetic  rubbers  ar*e  not  damaged 
by  storage  under  ideal  conditions.  However, 
most  synthetic  rubbers  will  deteriorate  when 
exposed  to  heat,  light,  oil,  grease,  fuels,  sol- 
vents, thinners,  'moisture,  strong  drafts,  or 
ozone  (form  o£  oxygen  forfned  from  an  elec- 
trical discharge).  Damage  by  exposure  is 
magnified  when  rubber  is  under  tension,  com- 
pression, or  stress.  There  are  several  con- 
ditions to  be  avoided  which  include  the  following: 

1.  Deformation  as  a  result  of  improper 
stacking  of  parts  and  storage  containers. 


-2.  Creasing  caused  by  force  appliea  to 
corners*  and  edges,  and  by  squeezing  between 
boxes  and  storage  containers.* 

3.  Compression  and  flattening,  as  a  result 
of  storage  under  heavy  parts. 

4.  *  punctures  caused  by  staples  used  to 
attach  identification. 

5.  Deformation  and  contamination  due  to 
hanging  the  seals  from  nails  or  pegs.  Seals 
should  be  kept  in  their  original  envelopes, 
which  provide  preservatipn,  protection,  identi- 
fication, and  cure  date. 

6.  Contamination  by  piercing  the  sealed 
envelope  to  store  O-rings  on  rods,  nails,  or 
wire  hanging  devices. 

7.  Contamination  by  fluids  leaking  from  parts 
stored  above  and  adjacent  to  the  seal  surfaces. 

8.  Contamination  caused  by  adhesive  tape's 
applied  to  seal  surfaces.  A  torn  seal  package 
should  be  secured  with  a  pressure-sensitive 
moistureproof  tape,  but  the  tape  must^not 
contact  the  seal  surfaces. 

9.  Retention  of  overage  parts  as  a  result 
of  improper  storage  arrangement  or  illegible 
identification.  Seals  should  be  arranged  so 
the  older  seals  are  used  first. 


cure  "date,  anticipated  servtee^life^  and  re- 
placement schedule. 

*  The  age  of  the  seal  is  computed  from  the 
cure  date.  The  term  cure  date  is  used  in 
conjunction  with  replacement  kits  which  contain 
seals,  parts,  and  hardware  for  shop  repair 
of  various  components.  These  cure  dates  also 
provide  bases  for  seal  replacement  schedules, 
which  are  determined  by  the  service  life  of 
the  seal.  The  service  life  (estimated  time  of 
trouble-free  service)  of  seals  also  depends 
upon  such  conditions  as  use,  exposure  to  certain 
elements,  both  natural  and  imposed,  and  sub- 
jection to  physical  stress.  Operational  con- 
ditions imposed  on  seals  in  one  component 
may  necessitate  seal  replacement  more  fre- 
quently than  replacement  of  identical  seals  in 
other  components.  Therefore,  it  is  necessary 
to  adhere  to  the  recommended  replacement 
schedule  for  each  individual  component  The 
age  of  seals  in  a  spare  part  *  is  determined 
from  the  assembly' date  recorded  on  the  service 
or  identification  plate  and/or  the  exterior  of 
the  container.  All  O-rings  over  24  months 
old  should  be  replaced  or,  if  nearing  their  age 
limit  (24  months),  should  not  be  used  for 
replacement.  / 
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CHAPTER  7 

RESERVOIRS,  STRAINERS,  FILTERS,  AND  ACCUMULATORS 


Fluid  power  system^  must  have  a  sufficient 
supply  of  uncontaminated  fluid  for  the  efficient 
operation  of  the  system.  Although  the  same  fluid 
is  recirculated .  in  hydraulic  systems,  a  con- 
tainer must  be  provided  for  a  supply  of  fluid 
in  excess  of  that  qontained  in  the  lines  and  com- 
ponents* Since  the  fluid  is  expended  during  the 
operation  of  pneumatic,  systems,  containers  are 
also  required  to  supply  gas  to  these  systems. 
As  stated  in  chapter*3  and  emphasized  through- 
out this  manual,  flujd  must  be  kept  free  of  all 
foreign  matter  for  efficient  operation  of  the 
system.  Various  tyjies  of  strainers  and  filters 
are  incorporated  in  the  system  to  provide  this, 
functiqn. 

The  first  part^pf  this  chapter  coveTS  the 
containers— hydraulic  reservoirs  and  pneumatic 
receivers— used  in,  fluid  power  systems.  The 
next  section  of  the  chapter  describes  the  dif- 
ferent types  of  strainers  and  filters  used  in  the 
filtration  of  fluids.  The  last  part  of  the  chapter 
is  devoted  to  accumulators,  another  fluid supplyy 
source  commonly  used  in  hydraulic  sys^ns. 

FLUID  SUPPLY 

,  As  previously  stated,  an  adequate  supply  of 
the  recommended  fluid  is  a  very  important  re- 
tirement for  the  efficient  operation  of  a  fluid 
power  system.  The  reservoir,  which  provides 
a  storage  space  for  fluid  in  hydraulic  systems, 
differs  to  a  great  extent  from  the  receivers 
u$ed  for  this  purpose  in  pneumatic  systems. 
For  this  reason,  the  two  components  are  cov- 
ered separately  in  the  following  sections. 


HYDRAULIC  RESE&OIRS 

The  reservoir  is  a  basic  component  of  any 
hydraulic  system. 9  In  most  systems  the 
reservoir  is  a  separate  component  of  the  system, 
while  in  other  systems,    for   example  the 


automatic  transmission  of  an  automobile,  the 
reservoir  also  serves  as  the  housing  for  the 
complete  system.  Although  its  primary  function 
is  to  provide  a  storage  space  for  the  hydraulic 
fluid  required  by  the  system,  a  well  constructed 
reservoir  provides  several  additional  functions. 
Among  these  functions  are  dissipation  of  heat, 
trapping  of  foreign  matter,  and  the  separation 
of  air  from  the  System. 

Reservoirs  dissipate  heat  by  radiation  from 
the  external  walls.  In  addition,  some  reservoirs 
are  equipped  with  internal  and/ or  external  radia- 
ting devices  such  as  cooling  fins  or  coils.  The 
trapping  of  foreign  matter  usually  requires  the 
use  of  strainers  and/or  filters,  whicj/are  dis- 
cussed later  in  this  chapter'.  The  separation  of 
'  air  from  the  system  is  accomplished  by  tffe 
design  of  the  reservoir,  which  includes  the  in- 
corporation of  baffles  to  slow  the  fluid  as  it 
returns  to  the  reservoir.  The  air  bubbles  have 
a  greater  chance  of  escaping  to  the  surface  of 
a  liquid  if  the  liquid  moves  at  a  slow  velocity. 
Most  reservoirs  are  equipped  with  a  means 
whereby  the  air  is  vented  to  the  atmosphere. 

Many  factors  are  considered  when  selecting 
the  size  and  configuration  of  a  hydraulic 
reservoir  for  a  particular  system.  The  res- 
ervoir must  be  large  enough  to  store  more 
than  the  anticipated  volume  of  fluid  that  the  sys- 
tem ^vili  require.  The  recommended  reservoir 
volume  is  usually  based  on  the  gallon-per- minute 
flow  demanded  by  the  system.  A  reservoir 
capacity  equal  to  two  or  three  times  the  max- 
imum, rate  of  flow  required  by  the  system  is 
usually  sufficient.  A  higher  ratio  is  desirable 
for  fixed  installation,  and  a  somewhat  lofcer 
ratio  may  be  required  for  mobile  equipment. 
Adequate  space  must  be  allowed  to 
accommodate  thermal  expansion  of  the 
hydraulic  fluid  and  changes  in  fluid  level 
due  to  system  operation. 
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Figure  7-1.—  Nonpressurized  reservoir  (ground  or  ship  installation). 
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Reservoirs  are  of  two  general  types— non- 
pressurized  and  pressurized.  Nonpressurized 
reservoirs  are  vented  to  the  atmosphere.  This 
prevents  a  partiaf,  vacuum  from  being  formed 
as  the  fluid  level  in  the  reservoir  is  lowered. 
The  vent  alsjr  makes  it  possible  for  any  air 
that  has  entered  the  system  to  find  a  means  of 
escape.  ' 

Aircraft  and  missiles  designed  for  high- 
altitude  operation  retire  pressurized  reser- 
voirs. Pressurising  assures  a  positive  flow  of 
fluid  to  the  pump  at  altitudes  where  low  atmos- 
pheric pressure  is  encountered. 

Nonpressurized  Reservoirs 

Hydraulic  systems  designed  to  operate  equip- 
ment at  or  -near  sea  level  are  normally  equip- 
ped with  nonpressurized  reservoirs.  This 
includes  the  hydraulic  systems  of  ground  and 


ship  installations  and  some  aircraft  that  are 
limited  to  low-altitude  operations. 

*  ,  .    '  " 

A  typical  jjeservoU  for  use  with  ground- 
and  ship  installations  is  illustrated  in'  figure 
7-1.  This  type  reservoir  is  macfe  of  hot  rolled 
steel  plates  and  welded  seams.  The- ends  extend 
below  the  bottom  of  the  reservoir  and  ser,ve 
as  the  support.  The  bottom  of . the  reservoir  is 
convex  and  a  drain  plug  is  incorporated -at  the 
lowest  point. 

Large  removable  covers  are  installed  on 
each  end  of  the  reservoir  to  provide  easy 
access  for  cleaning.  One.  of  the  c overs jepntains 
a  fluid  level  indicator  and  a  filler  opening  with 
a  cap  that  is  secured  to  the  plate  totti  a  chain. 
Since  the  fluid  level  must  be  checked  frequently, 
the  indicator  is  located  in  a  position  where  it 
can  be  easily  rfead.  A  strainer  is  installed 
in  the  filler 'neck  to  prevent  foreign  matter 
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from  entering  the^j^se rvQ^r  when,  fluid 
is  added.  ,  -  |  > 

In  1his  type  reservoir  a  baffle  plate  extends 
lengthwise  through  the  center7  of  thd  tank  and 
separates  the  pump  supply,  port  front  the  system 
return  port*  The  baffle: usually  extends  from 
the  bottom,  of  (he .tank  to  approximately two- 
thfjds  the  height  of  the  normal  fluid  level, " 
Usually,  there  are  several  opening?  in  y^e 
baffle  near  the  bottom  of  th^eservoir.  There- — 


4 


fore,  the  purpose  of  the  biifffe  is  not  to  com- 
;  pletely  divide  the*  reservoir  inta  two  separate 
compartments,  but  rather  to  reduce  turbuj^Hce 
created  by  return  flo&  and  to  prevent  the  con- 
tinuous recirculation  of  the,  same  fluid.  It. also 
allows  fcrei^i  fiiattefTb  settle  to  the  bottom 
of  the  reservoir  and  air  bubbles  to  escape  . 
through  the  surfafce  of  the  fluid  before  the  fluid 
is  recirculated.*  * 

The  vent  (air  breather)  line  contains  a  filter- 
to  purify  the  air  tipX  enters  the  reservoir.  The 
vent  assembly  functions  to  allow  the  .pressure 
.  A  thfe  ^reservoir  to  balance  with  atmospheric 
pressure  aj\d  to  filter  the  air  which  enters  the 
reservoir  when  the  fluid  le^el  is  low^ed  due 
to  system  operation.  <^ 

The  pump  supply  line -enters  the  reservoir 
aft  the  top  and  extends  to  within  a  few  inches  of 
trfe  reservoir  bottom.  This  helps  to  prevent 
foreign  matter  which  settles  to  the  bottom  of 
the  reservoir  from  entering  the  system.  Retur^ 
lines  must  be  well  below  the  fluid  surface  levels 
to'  -prevent  foaming.  ThK^end  of  the  return  lin'e 
is  usuallypfut  at  an  angle  of  approximately  45 
4  degrees  and  positioned  so  that  the  flow  is 
directed  toward  the  walls  of -the  tank  and  away 
fi;om  the  pump  intake*line.  This  provides  fj 
maximum  heat  dissipation 


system.  The  systeirt  must  then  be  operated  for , 
a  few  minutes  to  allow  .{he  fluid  fn  the  system 
to  circulate  through  thesreservoir  and  displace 
any  air*/that  may  have  entered  the  system.  It 
should  be  noted  at  this  point  that  some  hydraulic 
systems  are  connected  to,  the  reservoir  by  a 
singlfe  lipe.  This  lin6  serves  as  bfcth  supply  and 
return  line  to  and  from  the  system.  Since  this 
prevents  confplete  recirculation  of  the  fluid  in  4 
the  "system,  air  bleed  valves  are  provided  .at 


various  points  in  the  system.  The  automobile 
4brake  system  is  a  good  example  of  this  type 
systenu  Bleed'  valves  are  incorporated  in  the 
/  "system  at  each  wheel.  After  the  air  has  b£en 
displaced  in  either  type  system,  the  fluid  level 
must  be  rechecked  anymore  fluid  added  if 
necessary.  '  It  should  Jafe.  emphasised  that  the  ' 
fluid  -must  be  maintained  at  the  level  indicated 
.on  the  gage.  Remejnber  the  restaur  space  pro-  i 
vided-*above  the  fluid  level  for^nermal  expan-  * 
^siQn.  A  lesser  amofintSsf^fluid  than  that  indi- 
cated may  result  in  improper  performance  of 
the  systefri.  - 

'  As  jnentfpwed  previously,  some  aircraft 
hydraulic  systems*  are  equipped  with  nonpres- 
sulized  reservoirs.  A  typical  ^xample  of  this 
-type  reservoir  is  illustrated  in  figure  7 -.2^ 


*  V€NT  FILTER 


__T^\The  inside 
^a  \m 


of  the  reservoir  is  painted  with 
ealer  -Jo  minimize  oxidation,  which  can  be 


caused  by  condensation.  The  sealer  must  be  of 
a  composition  that  will  not  react  chemipally 
with  the  fluid  specified  for  th^  system.  '  * 

Because  of  the  design  of  this'type  reservoir, 
a  large  portion  of  the  harmful  contaminants  in 
the  systen^jpill  accunfimulate  in  the  reservoir, 
especially  at  the -bottom.  Therefore,  the  reser- 
voir should  be  drained  periodically  .and  then 
flushed  with  a  solvent  compatible  with  the  fluid 
that  is  used  in  the  system.  After  cleaning,  thg 
reservoir  should  be  filled  to  the  proper  level 
with*  clean  hydraulic  fluid  of  the  type  that  con- 
forms to  the  specification  designated  for  the 
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Figure  7-2.—  Nonpressurized  reservoir 
V(aircraft  system)..  * 
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Because  of  weight  limitations  in  aircraft  con- 
struction, the  reservoirs  are  made  of  welded 
aluminum.  The  filler  neck  incorporates  a  re- 
movable metal  screen  assembly,  which  serves 
as  a  strainer. 

A  sight  gage  ^or  visually  checking*- 

the  fluid  level  is  located       0ne  end  ot  ^  * 
reservoir.  The  rim  of  this  window  is  marked 
with- lines  indicating  the  refill  level. 

In  addition  to  a  filter,  the  vent  assembly  on 
♦this  type  reservoir  usually  contains  a  bypass 
check  valve.  The  check  valve  allows  air  to  be 
,  expelled  from  the  reservoir  at  a  greatei>rate 
than  normal  when  large  volumes  of  fluid  are 
returned  to  the  reservoir,^  and  also  prevents 
unfiltered  air  from   entering  the  reservoir.' 

There  are  two  pump  supply  line  outlet- 
one  supplies  the  main  power  pump,  while  tl].e 
other  outlet  supplies  the  emergency  pump.  The 
outlet  which  supplies  the  main  power  pump  is 
located  a  considerable  distance  above  the  outlet 
which  supplies  the  emergency  pump.  This  pro- 
vides a  reserve- supply  of  fluid  in  the  reservoir 
for  the  emergency  system  in  the  event  that  ex-  y 
temal  leakage  occurs  during  normal  operation. 
The  rgfeerve  supply  of  fluid  should  be  of  suf- 
ficient  volume  to  operate  the  subsystems 
necessary  for  a  safe  landing  of  the  aircraft. 
This  includes  such  operations  as  the  extension 
of  the  landing  gear,  the  lowering  of  the  flans^^ 
and  the  operation  of  the  brakes.  The  emergeficy 
and  main  system  return  lines,  not  shown  in 
figure  7-2,  are  connected  to  ports  on  the, side 
of  the  reservoir. 


Maintenance  of  this  re se  rvoi  r  consists 
mainly  of  cleaning  the  filler  neck  stratTTBTrand 
replacement  of  the  vent  filter.  The  filler  neck 
strainer  should  be  cleaned  with  a  cleaning  fluid 
that  is  compatible  with  the  fluid  used  itygthe 
system.  When  cleaning  'the  strainer,  inspect 
for  broken  mesh  (sometimes  the  result  of 
servicing  .with  a  funnel)- 


Pressurized  Reservoirs 
# 

As  stated  previously,  many  of  the  Navy's 
aircraft  and  missile  hydraulic  systems  are 
equipped  with  pressurized  reservoirs.  This 
assures  a  positive  flow  of  fluid  to  the  pump  at 
high  altitudes  where  low  atmospheric  pressures 
are  encountered.  There  are  two  common  types 
of  pressurized  reservoirs— air-pressurized  and 
hydraulic -fluid-pressurized. 

AIR-PRESSURIZED. -One  type  of  air-pres- 
surized reservoir  is  illustrated  in  figure  7-3. 
The  reservoir  is  cylindrical  in  shape  and  has 
a  piston  installed  internally  to  separate  the  air 
and  the  fluid  chambers.  The  end  of  the  piston 
„rod  protrudes  through  the  air  chamber  end  of 
"the  reservoir  and  indicates  the  fluid  quantity. 
,  The  quantity  indication  may  be  seen  by  inspect- 
ing the  distance  the  piston  rod  protrudes  through 
the  end  of  the  cylinder. 


PISTON 


INOICATOR 

L 
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Figure  7-3.— Air-pressurized  reservoir. 


The 


is  usually  provided  by 


k  The  vent  filter  element  should  be  replaced^ 
in  accordance  with  applicable  technical  publi- 
cations. Additional  information  concerning 
strainers  and  filters  are  presented  later  in 
this  chapter. 

The  cleanliness  of  the  reservoir  is  main- 
tained by  periodic  flushing  simij^r  to  the 
procedures  described  in  chapter  3.' 


air  pressure 
bleed  air  taken' from  the  compressor  section 
of  the  engine.  An  air  -filler  valve  is  usually 
Incorporated  in  the  air  line  to  provide  a  means 
for  pressurizing  the  reservoir  during  ground 
checker  of  the  hydraulic  system  when  the  engine 
is  not  running.  The  air  is  filtered  and  the  pres- 
sure is  regulated  to  the  required  psi  before  it 
enters  the  reservoir  through  port  (C).  The 
required  pressure  is  stipulated  by  the^  manu- 
facturer. 

There  are  at  least  two  ports— a  supply  port 
and  a   return  port— in  the  fluid  ertd  Qf  the 
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reservoir.  Some  reservoirs  contain  additional 
ports  to  satisfy  the  requirements  of  certain 
systems.  Provisions  are  incorporated,  usually 
in  the  return  line,  to  fill  the  reservoir  from  a 
single  point.  Filling  is  accomplished  by  forcing 
hydraulic  fluid  into  the  filler  line.  Applicable 
technical  instructions  must  be  adhered  to  when 
servicing  this  type  reservoir. 

In  operation,  the  regulated  air  pressure 
enters  the  reservoir  and  acts  on  the  piston, 
which  in  turn,  transmits  this  force  to  the  fluid. 
Thus,  the  pressurized  fluid  in  the  reservgir 
provides  •  a  positive  flow  of  fluid  through  thfe 
supply  line  to  the  pump. 

FLUID-  PRESSURIZED.  r-S  o  m  e  hydraulic 
systems  utilize  system  hydraulic  pressure  for 


pressurizing  the  reservoir.  A  reservoir  of  this 
type  is  shown  in  figure  7-4.  This  type  reservoir 
is  divided  into  two  compartments  by  a  floating 
piston.  The  floating  piston  is  forced  downward 
in  the  reservoir  by  a  spring  and  by  a  pressure 
probe  which  fits  into  the  piston. 

The  pressure  probe  is  connected  to  the  pump 
pressure  line:  Therefore,  when  the  system  is 
pressurized,  hydraulic  fluid  under  pressure 
enters  the  probe  and" aids  the  spring  to  force 
the  piston  downward,  pressurizing  the  fluid  in 
the  lower  compartment.  This  pressuriz.es  the 
pump  supply  line  to  the  same  pressure.  This 
pressure  prevents  pump  starvation  at  all 
altitudes. 

This  type  reservoir  has  five  ports— pump 
supply,  return,  pump  pressure,  reservoir  drain, 
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Figure  7-4.— Fluid-pressurized  reservoir. 
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and  overboard  drain.  Fluid  is  supplied  to  the 
pump  through  the  pump  supply  port.  Fluid  re- 
turns to  the  reservoir  from  the  system  through 
the  return  port.  Pressure  from  the  system 
enters  the  pressure  probe  in  the  top  of  the 
reservoir  through  the  pump  pressure  port.  The 
reservoir  drain  port  is  for  the  purpose  of  drain- 
ing the  reservoir,  when  draining  is  necessary. 
The  line  leading  from  the  overboard  drain  port 
is  equipped  with  a  sight  gage  which  is  used  as 
an  aid  in  servicing  the  reservoir. 

When  servicing  the  reservoir,  a  container 
should  be  placed  under  the  line  leading  from 
the  overboard  drain  port.  Fluid  is  forced  into 
the  reservoir  through  a  fill  port  in  the  return 
line.  The  liquid  should  be  forced  into  the  res- 
ervoir until  air-free  liquid  flows  through  the 
sight  gage.  (Air-free  liquid  is  liquid  containing 
no  air  bubbles.) 

/An  indicator  rod  that  protrudes  through  the 
top  of  the  reservoir  housing  is  used  in  deter- 
mining when  the  reservoir  needs  .servicing. 
The  word  REFILL  is*  stamped  on  the  rod  guide. 
When  the  reservoir  is  full,  the  rod  is  extended 
and  the  word  REFILL  is  hidden;  when  the  rod 
is  retracted,  the  word  REFILL  is  exposed  and 
the  reservoir  needs  servicing. 

PNEUMATIC  RECEIVERS 

Like  hydraulic  systems,  pneumatic  systems 
require  an  adequate  supply  of  fluid  for  the 
efficient  operation  of  the  system.  In  all  cases, 
the  supply -of  gas  for  pneumatic  systems  must 
be  stored  under  pressure.  The  amount  of  pres- 
sure, and  also  the  volume,  depends  upon  the 
requirements  of  the  system. 

Receiver,  storage  cylinder,  air  bottle,  air 
cylinder,  and  flask  are  all  terms  usea  to  de- 
scribe the  component  of  a  'pneumatic  system 
which  provides  the  functions  similar  to  those 
provided  by  the  reservoir  of  a  hydraulic  system. 
As  described  previously  in  this  chapter,  the 
hydraulic  reservoir  supplies  the  fluid  to  the 
pump  and  provides  a<  place  for  the  return  fluid 
from  the  system.  In  pneumatic  systems^ihe 
receiver  stores  a  volume  of  gas  under  the  max- 
lmum  pressure  required  by  the  system  and 
supplies  it  to  the  system  as  needed.  After  the 
gas  is  used  in  the  operation  of  the  system,  it 
is  exhausted  to  the  atmosphere. 

A  receiver  is  usually  part  of  the  compressor 
system.  The/  compressor  forces  the  gas  into 


the  receiver  where  it  is  stored  under  pressure, 
(See  chapter  8  for  detailed  information  con- 
cerning air  compressors.)  This  receiver  may 
provide  gas  under  pressure  directly  to  pneu- 
matic, systems  or  may  be  used  to  charge  (fill) 
other  receivers,  such  as  cylinders,  bottles,  etc., 
which  are,  in  turn,  used  to  furnish  gas  to  the 
pneumatic  systems. 

Receiver  is  the  term  usually  associated  with 
ground  and  shipboard  pneumatic  systems  that 
employ  a  compressor  as  part  of  the  system. 
The  receiver  is  usually  located  near  the  com- 
pressor and  is  considered  as  part  of  the 
compressor  system. 

The  receiver  acts  as  a  storage  tank  and  also 
a  supply  tank.  It  stores  a  volume  of  air  under 
pressure  which  is  provided  by  the  compressor 
and  supplies  this  compressed  air  to  the  pneu- 
matic system  or  to  other  receivers.  Through 
the  storage  of  a  volume  of  gas  under  pressure, 
the  receiver  functions  to  maintain  the  system 
at  a  constant  pressure  and  thereby  retards  the 
frequency  and  length  of  the  start-stop-start 
cycles  of  the  compressor. 

The/  size  and  construction  of  the  receiver 
dependupon  the  maximum  pressure  and  volume 
of  gas  required  to  efficiently  operate  the  com- 
plete system.  The  receiver  is  cylindrical  in 
shape  and  may  be  mounted  either  horizontally 
or  vertically,  the  position  and  location  being 
dependent  on  the  space  available  for  installation. 
Vertically  mounted  receivers  should  have 
convex  shaped  bottoms  to  permit  prop/er  drain- 
ing of  accumulations  of  moisture,  oil,  and 
foreign  matter.  Each  receiver  should  be  fitted 
with  the  following  accessories  and  connections: 

1.  Inlet  and  outlet  connections. 

2.  Drain  connections  and  valve. 

3.  Connection  for  operating  line  to  com- 
pressor regulator. 

4.  Pressure  gage. 

5.  Relief  valve. 

6.  Manhole  or  handhole  plate,  depending 
on  the  size  of  the'  receiver. 

The  inlet  connection  is  located  near  the  top 
of  the  receiver.  The  outlet  connection  is  located 
at  a  point  some  distance  above  the  bottom  of 
the  receiver.  This  helps  to  prevent  water,  oil, 
and  other  foreign  matter  that  settles  to  the 
bottom  of  the  receiver  from  entering  the  system. 
The  line  between  the  compressor  and*  receiver 
should  be  kept  as  short  and  as  free  of  bends  as 
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possible  In  order  to  eliminate  excessive  vibra- 
tion due  to  pulsations  of  air  and  to  reduce 
friction  caused  by  the  flow  of  air  throug^Ahe 
lines. 

The  receivers  in  aircraft  pneumatic  Systems 
are  referred  to  as  storage  cylinders  or  lxs^tles. 
The  comphessed  air  or  nitrogen  is  stored  in 
these  cylinders  until  required  by  the  actuating 
system.  The  cylinders  are  initially  charged 
with  compressed  air  or  nitrogen  from  an  ex- 
ternal source.  Most  systems  contain  an  air 
compressor  which  replaces  the  volume  and 
pressure  loss  ihrough  leakage  and  system 
operation. 

The  storage  cylinders  are  made  of  steel  and 
may  be  either  spherical  or  cylindrical  in  shape. 
The  cylinders  are  nonshatterable  and  each  is 
equipped  with  a  moisture  dn^Ufcive.  The  valve 
is  incorporated  into  the  er%*ftting,  which  is 
sometimes  referred  to  as  a  manifold.  This  fit- 
ting also  contains  the  inlet  and  outlet  ports.  An 
example  of  a  storage  cylinder  used  in  aircraft 
pneumatic  systems  is  illustrated  in  figure  7-5. 
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Figure  7-5. -Compressed  gS*6  cylinder  for 
aircraft  pneumatic  systems. 


Cooling  of  the  high-pressure  air  in  the 
storage  cylinder  will  cause  some  condensation 
to  collect  and  settle  to  the  lowest  point  in  the 
cyljpder.  _To  insure  positive  operation  of  these 
systems,  the  cylinder  must  be  ptirgejd  of  mois- 
ture periodically.  This  is  accomplished  by 
slightly  opening  the  moisture  drain  valve,  which 
connects  to  the  drain  tube.  As  shown  in  figure 
7-5,  the  other  end  of  the  drain  tube  is  positioned 
at  the  lowest  point  in  the  cylinder.  With  the 
drain  valve  slightly  open,  any  moisture  that  has 
accumulated  in  the  cylinder  will  be  forced  out 
of  the  cylinder  through  the  drain  tube. 

Cylinders  are  available  in  different  sizes, 
the  selection  of  which  depends  on  the  require- 
ments of  the  system.  The  required  size  is 
stipulated  by  the  manufacturer  of  the  system. 
The  unit  of  measurement  to  indicate  the  volume 
of  cylinders  is  the  cubic  inch.  Cylinders  with 
volumes  of  100,  2007  and  400  cubic  inches  are 
common  in  aircraft  pneumatic  systems.  The 
pressure  normally  required  in  aircraft  pneu- 
matic systems  is  3,000  psi. 

FILTRATION  AND  COOLING 
.    OF  FLUIDS 

As  pointed  out  in  chapter  3,  most  mal- 
functions in  fluid  power  systems  may  be  traced 
to  some  type  of  contaminant  in  the  fluid.  For 
this  reason,  every  effort  must  be  made  to  pre- 
vent contaminants  from  entering  the  system 
and  to  remove  those  contaminants  which  do  find 
their  way  into  the  system.  Filtration  devices 
ark  incorporated  at  key  points  in  fluid  power 
systems  to  remove  those  contaminants  which, 
in  some  way,  do  enter  the. system. 

Filtration  devices  for  hydraulic  systems 
differ  to  some  extent  from  those  for  pneumatic 
systems  and,  therefore,  are  covered  separately 
in  the  following  paragraphs.  Cooling  devices 
for  hydraulic .  fluids  are  also  covered  in  this 
section.  Cooling  devices  for  pneumatic  systems 
are  covered  under  the  compressor  section  of 
chapter  8. 

HYDRAULIC  FLUIDS 

The  importance  of  keeping  hydraulic  fluid 
clean  and  free  of  contaminants  cannot  be  over- 
emphasized. Foreign  matter  in  the  system  can 
cause  excessive  wear,  increase  power  loss, 
clog  valves  and  other  components,  and  substan- 
tially increase  maintenance  and  replacement 
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costs.  Although  great  care  Is  taken  while 
servicing,  maintaining,  and  operating  hydraulic 
systems,  it  is  Impossible  to  prevent  some 
foreign  matter  from  entering  the  system.  Some 
contaminants  are  built-in;  that  is,  small  par- 
ticles of  core  sand,  weld  spatter,  metal  chips, 
lint,  and  abrasive  dust,  resulting  from  the 
manufacturing  process,  remain  in  the  compo- 
nents when  they  are  Installed  in  the  system. 
Also,  tiny  particles  of  metal  and  sealing  mate- 


rials are  deposited  in  ttf£s&uid  as  a  result  of 
the  normal  wear  on  valves,  pumps,  and  other 
components. 

The  filtering  devices  used  In  hydraulic  sys- 
tems are  most  commonly  referred  to  as  strain- 
ers and  filters.  Since  they  share  a  common 
function,  the  terms  strainer  and  filter  are  often 
used  interchangeably.  As  a  general  rule,  de- 
vices used  to  remove  large  particles  of  foreign 
matter  from  hydraulic  fluids  are  referred  to  as 
strainers,  while  those  used  to  remove  the  smal- 
lest particles  are  referred  to  as  filters. 
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Figure  7-6.— Typical  hydraulic  system 
strainer. 


Strainers 

* 

Strainers  usually  consist  of  a  metal  frame 
wrapped  with  a  fine  mesh  wire  screen,  or, a 
screening  element  constructed  of  varying  thick- 
nesses of  specially  processed  wire.  Atypical 
strainer  is  illustrated  in  figure-7-6. 

Strainers  do  not  provide  as  fine  a  screening 
action  as  filters,  but  offer  less  resistance  to 
flow.  Therefore,  strainers  are  usually  used  In 
pump  supply  lines  where  the  fluid  is  in  a  low- 
pressure  area  and  restriction  of  flow  would 
result  in  starvation  of  the  pump.  Strainers  are 
also  used  in  the  filler  ports  of  most  hydraulic 
reservoirs. 

Various  arrangements  for  using  strainers 
in  ,a  pump  supply  line  are  illustrated  in  figure 
7-7.  If  one  strainer  causes  restriction  of  flow 
to  the  .pump,  two  or  more  may  be  used  In 
parallel  as  shown.  Since  strainers  must  be' 
removed  frequently  for  cleaning,  they  need 
only  be  hand  tightened  during  installation, 


PUMP  INTAKE 
CONNECTION 


NOTE:  ACCESS  OPENING  SHOULD  BE  PROVI0E0 
SO  STRAINERS  MAY  BE  REMOVED  FOR 
CLEANING  WITHOUT  DRAINING  TANK 


DISCONNECT  UNION  TO  REMOVE 
STRAINERS  FOR  CLEANING 


Figure  7-7. —Various  arrangements  of  hydraulic  system  strainers. 
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provided  the  fittings  will  remain  submerged 
during  the  operation  of<the  system.  Pump  inlet 
fittings  exposed  to  the  atmosphere  must  be  air- 

-Filters 

The  most  common  devices  incorporated  in 
hydraulic  systems  to  prevent  foreign  particles 
and  contaminating  substances  from  remaining 
in  the  system  are  referred  to  as  filters.  They 
may  be  located  in  the  reservoir,  in!  the  -return 
line,  in  the  pressure  line,  or  in  any  other  lo-^ 
cation  in  the  system  where  the  designer  of  the 
system  decide*?  that  they  are  needed  to  safe- 
guard the  .hydraulic  system  against  impurities. 

Filters  are  classified  as  full  flow  or- propor- 
tional flow.  In  the  full  flow  type  filter,  all  the 
fluid  which  enters  the  unit  passes  through  the 
filtering  element,  w^il£  in  a  proportional  flow 
type,  only  a  porttori  of  the  fluid  passes  through 
the  element, 

FULL  FLOW  FILTER.— A  full  flow  filter  is 
illustrated  in  figure  7-8.  This  type  filter  pro- 
vides a  positive  filtering  actiorif*  however,  it 
offers  resistance  to  flow,  particularly  when  the 
element  becomes  dirty.  For  this  reason,  a  full 
flow  filter  usually  contains  a  valve,  which  auto- 
matically allows  the  fluid  to  bypass  the  element 
when  the  element  cannot  handle  all  the  flow 
through  the  unit. 

Hydraulic  fluid  enters  {be  filter  through  the 
inlet  port  in  the  body  and  flows  around  the  filter 
element  inside  the  filjer  bowl.  Filtering  takes 
place  as  the  fluid  passes  through  the  filtering 
element  and  into  the  hollow  core,  leaving  the 
dirt  and  impurities  on  the  outside  of  the  filter 
element.  The  filtered  ^luid  then  flows  from  the 
hollow  core  through  the  outlet  port  and  into  the, 
system.  / 

The  bypass  pressure  relief  valve  in  theboay 
allows  the  fluid  to  bypass  the  filter  eleme 
and  pass  directly  through  the  outlet  port  hi/the 
event  that  the  filter^ element  becomes  cldgged. 
In  most  filters  of  this  type,  the  relieL^alve  is 
set  to  open  when  the  differential ^tt'l^ressure 
exceeds  50  psi.  For  example,  i^the/pressure 
at  the  filter  inlet  port  is  90  psi/,  an<J  the  pres- 
sure at  the  outlet  port  drops  below  40  psi,  the 
relief  valve  will  open  and  alloy  the  fluid  to 
bypass  the  element.  Additional  information  con- 
cerning the  operation  of  relief  valves  is  pre- 
sented in  chapter  10  of  this  manual.  - 


byraSs  RELIEF 
VALVE  (50  PSI) 


OUT 


BOOY 

FILTER 
ELEMENT 


FILTER 
BOWL 
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.Some/  nonbypassing  full  flow  filters  are 
e^uippeci  with  a  contamination  indicator  which 
pperates  under  the  principle  of  difference  in 
,  pressure  entering  the  element  and  pressure 
after  it  leaves  the  element.  As  contaminating 
particles  collect  on  the  filter  element,  the 
differential  pressure  across  the  element  in- 
creases. When  the  increase  in  pressure  reaches 
a  specific  value,  an  indicator  (usually  in  the 
filter  head)- pops  out,  signifying  that , the  filter 
element  must  be  cleaned  or  replaced.  A  low- 
temperature  lockout  feature  is /incorporated  in 
most  types  of  contamination  indicators  to  pre- 
vent actuation  below  20°  F,  thus  eliminating 
the  possibility  of  false  indications  due  tq  cold 
weather. 

Filter  elements  usetf  in  connection  with  a 
contamination  indicator  are  not  normally  re- 
moved or  replaced  until  the  indicator  is  actu- 
ated This  decreases  theT  possibility  of  system 
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outside 

v. 


sources 


contamination  from  the 
due4o  unnecessary  handling. 

The  use  of  the  nonbypa/sing  type  filter 
eliminates  the  possibility  ^contaminated  fluid 
passing  the  filter  element  and  contaminating  the 
entire  system.  This  type  filter  .will  minimize 
the  necessity  for  flushing  the  entire  system  and 
lessen  the  possibility  failure  of  pumps  and 
other  components  in  thef system. 

A  bypass  relief  valve  is  incorporated  in 
some  filters  equipped  with  the  contamination  in- 
dicator. If  the  filter  element  in  this  type  is  not 
replaced  when  the  indicator  signifies,  the  filter 


element  continues  to  collect  foreign  particles. 
The  pressure  differential  between  the  inlet  and 
outlet  ports  will  continue  to  increase  until  the 
bypass  valve  opens  and  directs  fluid  through  the 
filter  element  bypass.  This  is  similar  to  that  of 
.the  bypass  valve  of  the  filter  illustrated  in  fig- 
ure 7-8. 

PROPORTIONAL  FLOW  FILTER.-Although 
the  full  flow  filter  is  the  most  common  type  used 
in  hydraulic  systems,  some  systems  use  the  pro- 
portional flow  filter.  A  cutaway  View  of  the  pro- 
portional flow  filter- is  illustrated  in  figure  7-9. 
This  type  filter  operates  on  the  yenturi 


VENTURI  THROAT 
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Figure  7-9  -Proportional  flow  hydraulic  filter. 
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principle.  (See  glossary).  As  the  fluid  passes 
through  the  venturi  throat  a  drop  in  pressure 
is  created  at  the  narrowest  point.  A  portion  of 

( the  fluid  flowing  toward  and  away  from  the 
Throat  of  the  venturi  flows  through  the  passages 
into  the  body  of  the  filter.  A  fluid  passage 

-connects  the  hollow  core  of  the  filter  with  the 
throat  of  the  venturi.  Thus,  the  low  pressure 
area  at  the  throat  of  the  venturi  causes  the  fluid 
under  pressure  in  the  body  of  the  filter  to  flow 
through  the  filter  element,  through  the  hollow 
core,  into  the  low  pressure  area,  and  then  re- 
turn to  the  system.  Although  only  a  portion  of 
the  fluid,  is  filtered  during  each  cycle,  constant 
recirculation  through  the  system  will  eventually 
cause  all  the  fluid  to  pass  through  the  filter 
element.  Figure  7-9  shows  the  direction  of  flow 
from  right  to  left;  however,  this  type  filter 
provides  filtering  for  either  direction  of  flow. 

Filter  Elements 

The  effectiveness  of  any  filter  is  measured 
bv  the  degree  of  filtration  it  produces.  Degree 
of  filtration  means  that  ^specific  filter  element 
will,  when  new  and  clean,  stop  a  certain  per- 
centage of  the  particles  which  measure  a  certain 
size  or  larger  while  the  fluid  is  operating  under 
its  designed  flow  conditions. 

The  unit  of  measurement  used  in  expressing 
the  degree  of  filtration  is  the  micron.  A  micron 
equals  one-millionth  of  a  meter,  or  0.00004 
inch.  For  comparison  value,  consider  that  the 
normal  lower  level  of  visibility  to  the  naked 
eye  is  approximately  40  microns.  (A  grain  of 
table  salt  is  about  100  microns  in  size;  the 
thickness  of  a  human  hair  is  about  70  microns; 
and  a  grain  of  talcum  powder  is  about  10  mi- 
crons in  size.) 

Some  hydraulic  systems  require  a  much 
finer  degree  of  cleanliness  than  others.  This 
is  due  to  the  closer  tolerances  required  in 
some  systems,  such  as  the  precisely  mated 
parts  in  the  servomechanisms  of  missiles. 
Some  systems  only  require  that  98  percent  of 
the  particles  over  100  microns  in  size  are  re- 
moved, while  other  systems  require'that  100 
percent  of  the  particles  measuring  2  microns 
are  removed.  The  degree  of  filtration  of  a  filter 
depends  on  the  material  and  design  of  the  filte* 
element. 

v  Filter  elements  are  made  of  various  mate- 
rials, such  as  clay,  plastic*,  fuller's  earth, 


cellulose  paper  (micronic),  and  metal.  Some  of 
the  different  types  of  filter  elements  are  de- 
scribed in  the  following  paragraphs*: 

FULLER'S  EARTH.— Fuller's  earth  is  clay- 
like material  and  is  used  in  the  purification 
of  mineral  and  vegetable  base  oils.  It  produces 
a  fine  degree  of  flit  ration; Jiowever,  its  use  as 
a  filtering  element  in  present  day  hydraulic 
systems  is  limited.  Filters  employing  fuller's 
earth  or  activated  clay  should  not  be  used  with 
hydraulic  fluids  containing  additives,  because 
such  filters  may  remove  the  additives  as  well 
as  the  impurities. 

MIC  Rome.—  Micronic,  a  term  derived  from 
the  word  micron,  could  be  used  to  describe  any 
filter  element,  through  usage,  this  term  has 
become  associated  with  a  specific  filter  with  a 
filtering  element  made  of  a  specially  treated 
cellulose*  paper.  The  paper  is  formed  in  ver- 
tical convolutions  (wrinkles)  and  is  made  in  a 
cylindrical  pattern.  {See  fig.  7-10.)  A  spring  in 
the  hollow  core  of  the  element  holds  the  element 
in  shape. 


Figure  7-10. —Micronic  filter  element. 


This  type  element  is  designed  to  prevent 
the  passage  of  99  percent  of  solids  greater 
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than  10  microns  in  size.  The  element  in  the 
full  flow  filter  illustrated  in  figure  7-8  is  of 
this  design. 

The  element  is  normally  thrown  away  when 
removed.  It  is  replaced  at  periodic  intervals 
in  accordance  with  the  applicable  technical  in- 
structions. The  element  i^  replaced  in  the  fol- 
lowing manner: 

1.  Relieve  system  pressure. 

2.  Remove  the  bowl  from  the  filter  body. 
(In  some  systems,  such  as  aircraft  hydraulic 
systems,  the  bowl  is  safetywired  to  the  body 
and  the  wire  must  be  cut  for  removal.) 

3.  Remove  the  filter  element  from  the 
filter  body  with  a  slight  rocking  motion.  Do  not 
twist  the  element. 

4.  Replace  the  element  with  a  new  one 
whenever  possible.  If  a  new  element  is  not 
available,  the  old  element  may  be  cleaned,  in- 
spected, and  reinstalled. 

NOTE:  A  used  micronic  filter  may  be  cleaned 
by  masking  the  element  outlet  and  rinsing  it 
with  a  cleaning  solvent  that  is  compatible  with 
the  fluid  used  in  the  system.  After  cleaning, 
inspect  carefully  to  insure  that  there  are  no 
holes  in  the  paper  walls  of  the  element. 

5.  Replace  all  old  O-ririg  packings  and 
backup  washers  with  new  ones. 

6.  Reinstall  the  bowl  onto  the  body.  Do 
not  tighten  the  bowl  excessively;  handtight  is 
usually  sufficient. 

7.  Pressurize  the  system  and  check  the 
filter  assembly  for  leaks.  Safety  wire  if  re- 
quired. 

SINTERED  BRONZE.— The  sintered  bronze 
element  consists  of  minute  bronze  balls  joined 
together  as  one  solid  piece,  but-still  remaining 
porous.  The  process  of  joining  the  balls  is 
known  as  the  sintered  process.  This  element  is 
capable  of  filtering  particles'  greater  than  5 
friicrons,  or  approximately  0.0002  inch  in  sizd 

The  operation  of  the  sintered  bronze  filter 
is  very  similar  to  that  of  the  micronic  filter. 
Most  sintered  bronze  filters  are  equipped  with 
either  the  bypass  relief  valve  or  the  contam- 
ination indicator  described  in  this*  chapter. 

The  Sintered  bronze  element  may  be  cleaned, 
tested,  and  reused  a  maximum  of  four  times  at 
whfch  time  it  must  be  replaced.  Cleaning  of 


the  element  is  accomplished  by  dipping  it  in  a 
cleaning  solvent  that  is  compatible  with  the 
liquid  used  in  the"system  and  allowing  the  sol- 
vent to  flow  through  the  element.  The  element 
should  then  be  dried  ^by  blowing  dry,  filtered 
air  through  the  element  from  the  inside  to  the 
outside. 

STADfLESS  STEEL. -Stainless  steel  filter 
elements  are  used  in  the  hydraulic  systems  of 
'tnany  of  the  Navy*s  most  modern  aircraft.  This 
ty£el*lement  is  similar  in  construction  to  the 
sintered,  bronze  element  described  previously. 
The  design  is  usually  a  corrugated  sintered 
stainless  steel  mesh  such  as  the  magnified 
cross  section  shown  in  figure  7-11.  One  man- 
ufacturer calls  this  type  a  "Dutch-Twill"  pat- 
tern. Elements  of  this  type  are  capable  of 
filtering  95  percent  of  5-  to  10-micron particles 
and  100  percent  of  25-micron  particles  from  the 
fluid.  The  curved  passages  of  the  filter  element, 
thrdtigh  which  the  fluid  passes,  limit  the  length 
of  the  particles  that  pass  through  the  element. 
Most  filters  that  use  the  stainless  steel  element 
are  equipped  with  the  contamination  indicator 
described  earlier  in  this  chapter. 


FP.94 

Figure  7-11.— Cross-section  of  a  stainless 
steel  filter  element. 

*  Stainless  steel  elements  are  of  the  reusable 
type.  The  specific  time  limit  on  the  usage  of 
this  type  filter  differs  with  the  type  of  system 
and  equipment.  Also,  special  equipment  and 
procedures  are  required  in  the  cleaning  of  this 
type  element.  For  tbese  reasons,  the  applicable 
technical  instructions  must  be '"consulted  when 
maintenance"  is  performed  on  this  ty^e  filter 
element. 

-  Some  hydraulic  systems  have  magnetic  fil- 
ters installed  at  strategic  points.  Filters  of 
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this  type  are  disigned  primarily  to  trap  any 
magnetic  particfts  that  may  be  in  the  system. 


Temperature  Control 

Hydraulic  systems  operate  most  efficiently 
when  the  fluid  temperature  is  held  within  a 
specific  range.  All  hydraulic  fluids  are  designed 
to  provide  minimum  flow  resistance  with  suit- 
able sealing  properties  when  the  fluid  temper- 
ature is  maintained  within  tfie  correct  range. 
The  recommended  temperature  range  varies 
with' different  types  of  fluid;  for  example,  the 
recommended  operating  temperature  of  one  type 
fluid  is  -65°  F  to  +275°  F,  while  the  recom- 
mended range  of  another  type  is  -25°  F  to 
+  140*  F.  Operating  at  a  temperature  below 
that  of  the  recommended  range  results  in  slug- 
gish movement  of  the  fluid  through  orifices  and 
other  restrictions  in  the  lines  and  components. 

Temperatures  higher  than  the  desired  level, 
reduce  the  lubricating  characteristics  of  the 
fluid  and  also  cause  the  fluid  to  break  down, 
forming  sludge  and  other  contaminants.  Heat 
will  also  cause  sealing  materials  to  become 
brittle  and  close-fitting  precision  parts  of  valves 
and  other  components  to  seize.  In  addition,  high 
temperatures  lower  the  viscosity  of  the  fluid 
which,  *in  turn,  reduces  the  efficiency  of  the 
pump. 

Excessively  low  fluid  temperatures  are 
caused  primarily  by  external  sources,  for  ex- 
ample, hydraulic  systems  operating  in  extremely 
cold  climates.  External  sources  are  also  a 
major  cause  of  excessively  high  fluid  temper- 
atures. However,  in  addition,  to  the  effects  of 
external  temperature,  the  friction,  resulting 
from  fluid  flowing  through  components  and  long 
lengths  of  lines,  creates  heat.  1 

In  most  systems,  temperature  control  is  not 
a  problem.  Although  slightly  cold  temperatures 
may  cause  sluggish  action  of  the  fluid  when 
first  operating  a  system  after  it  has  been  idle 
for  a  period  of  time,  the  friction  resulting  from 
the  flow  of  fluid  through  the  system  will  usually 
increase  the  temperature  of)  the  fluid  to  the 
desired  level.  As  discussed  previously  in  this 
chapter,  most  of  the  heat  is  dissipated  from  the 
fluid  as  it  circulates  through  the  reservoir.  In 
some  systems,  however,  it  is  necessary  to 
control  the  fluid  .temperature.  For  example,vin 


extremely  cold  atmospheric  conditions*  some 
means  must  be  provided  to  heat  the  fluid.  In 
some  systems,  it  is  impossible  to  incorporate 
a  reservoir  large  enough  to  dissipate  enough 
heat  to  provide  satisfactory  cooling.  These  sys- 
tems -require  some  means  to  cool  the  fluid. 

The  component  used  to  heat  or  cool  liquids 
is  usually  referred  to  as  a  heat  exchanger.  Air,  • 
steam,  or  another  liquid  is  usually  used  as  the 
heat  exchange  medium.  Some  systems  use  an 
electric  heat  probe,  immersed  in  the  fluid 
within  the   reservoir  for  heating  the  fluid. 

There  are  several  different  designs  of  heat 
exchangers.  One  type  is  similar  in  design  to 
the  automobile  radiator  in  which  the  fluid  flows 
through  small  tubes  in  the  core,  and  air  is 
forced  through  the  honeycomb  material  around 
the  core  to  cool  the  fluid.  Another  type  is  the 
shell-and-tube  heat  exchanger.  This  type  con- 
sists of  a  cylindrical  metal  shell  containing  a 
trundle  of  metaL  tubes.  The  hydraulic  fluid  flows 
through  the  tubes  while  the  heating  or  cooling 
medium  flows  through  the  shell  around  the 
tubes.  This  type  can  use  steam  or  hot  water  as 
a  heating  medium.  For  cooling,  water  or  refrig- 
erated liquid  may  be  used. 

Fin  tubing  is  another  type  of  heat  exchanger 
used  in  some  hydraulic  systems.  The  fins  help 
to  dissipate  the  heat  from  the  fluid  flowing 
through  the  line.  Air  may  be  forced  around  the 
lines  to  increase  the  cooling  effect.  The  fin 
tubing  type  heat  exchanger  can  also  be  im- 
mersed in  a  heating  or  cooling  medium.  An 
example  of  this  type  installation  is  illustrated 
in  figure  7-12.  In  thi^^stallation,  several 
loops  of  the  fin  tubing  are\mounted  in  one  of 
the  fuel  cells  of  an  aircraft.  Fluid  enters  the 
inlet  coupling,  flows  through  the  fin  wall  tubing, 
through  the  outlet  coupling,  and  then  returns  to 
the  reservoir.  The  heat  of  the  fluid  flowing 
through  the  heat  exchanger  is  absorbed  by  the 
fins  and  the  fuel.  % 

Another  type  of  radiator  heat  ex- 
changer is  illustrated  in  figure  7-13.  This 
type  is  used  in  several  models  of  air- 
craft to  cool  jthe  hydraulic  fluid.  Like  the 
fin  tubing  heat  exchanger  illustrated  in  fig- 
ure 7-12,  the  radiator  type  utilizes  fuel 
as  a  cooling  medium.  This  heat  exchanger 
is  used  to  cool  the  fluid  for  two  separate  hy- 
draulic systems.  In  addition,  it  has  a  fuel  filter 
incorporated  which  filters  the  fuel  supply  to 
the  engine. 
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Figure  7-12.— Fin  tubing  heat  exchanger. 


The  radiator  unit  consists  of  a  cylindrical 
housing  containing  two  cooling*  coils  of  1/2- 
inch  aluminum  alloy  tubing  and  a  replaceable 
fuel  filter  element.  The  cooling  coil  for 
one  hydraulic  system  is  installed  in  the  right- 
hand  end  of  the  housing;  the  cooling  coil  for 
the  other  hydraulic  system  and  the  filter  ele- 
ment are  installed-  in  the  left-hand  end  as 
viewed  in  figure  7-13.  The  housing  ends  con- 
tain fittings  for  connecting  fuel  hoses.  Threaded 
fittings,  which  are  secured  to  the  cooling  coil 
ends,  serve  to  connect  the  hydraulic  lines  from 
veach  system. 

In  operation,  hydraulic  fluid  returning  to 
the  reservoir  is  directed  through  the  applic- 
able system  cooling  coil  where  sufficient  heat 
is  transferred  to  the  engine  fuel  fo  maintain 
the  temperature  of  the  hydraulic  fluid  at  the 
desired  level.  Should  the  cooling  coilfe  be- 
come clogged,  each  hydraulic  system  is  equipped 
with  ?  bypass  relief  valve  which  opens  and 
bypasses  fluid  around  the  coil  and  difrectjy 
to  the  reservoir. 


PNEUMATIC  GASES 

Clean,  dry^gas  is  required  for  the  efficient 
operation  of  pneumatic  systems.  Due  to  the 
normal  conditions  of  the  atmosphere,  free  air 
seldom  satisfies  these  requirements  adequately. 
The  atmosphere  contains  dust  and  impurities 
in  various  amounts,  depending  on  the  locality. 
Also,  the  atmosphere  generally  contains  a 
substantial  amount  of  moisture  in  vapor  form- 

Solids  such  as  dust,  rust,  or  pipe  scale  in 
pneumatic  systems  may  lead  to  excessive  wear 
and  failure  of  components,  -and  *ih  s^me  cases 
prevent  the  pneumatic  devices  from  operating.- 
Moisture  is  also  very  harmful  to  the  system. 
It  washes  lubrication  from  nloving  parts,  thereby' 
aiding  corrosion  and  causing  excessive  wear  of 
components.  Moisture  will  also  settle  in  low 
spots  in  the  system  and  freeze  during  col4 
weather,  causing  stoppage  of  the  .system  or 
rupture  of  lines. 

As  discussed  in  chapter  3,  the  ^use  of 
^•nitrjogen  decreases  these  hazards  to  some 
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Figure  7-13.— Radiator  type  heat  exchanger. 
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extent.  However,  it  is  not  economically  feasible 
to  use  .nitrogen,   except  in  small  systems. 

An  ideal  filter  would  remove  all  dirt  and 
moisture  from  a  pneumatic  system  without  caus- 
ing a  pressure  drop  in  the  process.  Obviously, 
such  a  condition  can  only  be  approached;  it 
cannot  be  attained. 


Removal  of  Solids 

The  removal  of  solids.  from~4ie  gas  of 
pneumatic  systems  is  generally  accomplished 
by  screening  (filtering),  centrifugal  force,  or 
a  combination  of  the  two.  In  some  cases, 
the  removal  of  moisture  is  accomplished  in 
conjunction  with  the  removal  of  solids. 
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Some  types  of  air  filters  are  similar  in  de- 
sign and  operation  to  the  hydraulic  filters  dis- 
cussed earlier  in  this  chapter.  Some  materials 
used  in#the  construction  of  elements  for  air  fil- 
ters are  woven  screen  wire,  steel  wool,  fiber 
glassr  and  felt  fabrics.  Elements  made  of 
these  materials  are  often  used  in  the  unit  that 
filters  the  air  as  it  enters  the  compressor, 
They  are  used  in  the  same  manner  as  carbu- 
retor filters  on  automobile  engines.  These 
filters  must  be  checked  frequently  for  the  ac- 
cumulation of  foreign  matter  and  the  element 
cleaned  or  replaced  as  necessary.  If  th6  fil- 
ter element  becomes  clogged,  the  compressor 
is  reduced  in  efficiency  or,  in  extreme  cases, 
becomes  inoperative.  Filters  of  this  type  are 
usually  designed  to  remove  particles  as  small 
as  25  microns. 

m  Porous  metal  and  ceramic  elements  are  com- 
monly U6ed  in  filters  'that  are  installed  in  the 
compressed  air  supply  lines.  These  filters 
also  use  a  controlled  airpath  to  provide  some 
filtration.  Internal  design  causes  the  air  to 
flow  in  a  centrifugal  path  withfn  "the  bowl. 
(See  fig.  7-14.)  Heavy  particles  and  water 
droplets  are  thrown  out  from  the  airstream 
and  drop  to  the  bottom  of  the  bowl.  The  air 
then  flows  through  the  filter  element,  which 
filters  out  most  of  the  smaller  particles.  This 
type  filter  is  designed  with  a  drain  valve  at  the 
bottom  of  the  bowl.  When  the  valve  is  opened 
with  air  pressure  in  the  system,  the  accumula- 
tion of  solids  and  water  will  be  blown  out  of 
the  bowl.  Many  air  filters  of  this  type  have 
transparent  bowls  so  that  the  accumulation  of 
impurities  can  be  seen.  Some  units  are  pro- 
vided with  automatic  drainage. 

An  air  filter  that  employs  moving  mechanical 
devices  as  an  element  is  illustrated  in  figure  7- 
15.  As  the  compressed  air  passes  through  the 
filter  the  force  revolves  a  number  of  multi- 
blade  rQtors  at  high  speed.  Moisture  and  dirt 
are  caught  on  the  blades  of  the  rotors.  The 
whirling  blades  hurl  the  impurities  by  centri- 
fugal foisce  to  the  outer  rims  of  the  rotors  and 
to  the  inner  walls  of  the  filter. housing.  Here, 
contaminating  matter  is  out  of  the  airstream  and 
falls  'to  the  bottom  of  the  bowl  where  it  must 
be  drained  at  periodic  intervals.  t 

Removal  of  Moisture  ' 

When  it  enters  the  compressor,  air  con- 
tains a  certain  amount  of  moisture  in  vapor  form. 


OUTLET 
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Figure  7-14.— Air  filter. 
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Figure  7- 15. -Air  filter  using  rotating  blades  as 
element. 
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of  springs,  or  the  compressibility  of  gases.  In 
•addition  to  a  source  of  fluid  supply,  ^qcumu- 
lators  alsd  provide  several  other  useful  func- 
tions. These  functions  are 'described  in  the  last 
part  of  this  section  under  "Applications." 

DEAD-WEIGHT  ACCUMULATORS 
« 

The  dead-weight  or  gravity  type  accumulator 
represents  the  earliest  form  of  accumulators 
and  is  generally  used  as  a  single  unit  to  operate 
a  multiple  "battery- of  machines.  - 

This  acpumulator  consists  of  a  vertical 
cylinder  with  a  smoothly  machined  bo/e  into 
which  is  fitted  a  piston  with  suitable  packing. 
(See  fig:*  7-17.)  A  platform  is  "mounted  on  thfe 
toApf  the  piston  on  which  is  placed  a  high 
density  material,  sucha$  concrete  blocks,  metal, 
or  stone.  The  force  of  gravity  provides  energy 
to  force  tfce  liquid  from  the  cylinder  in^o  the 
hydraulic  system.  The  main  advantage  of  this 
typ6  accumulator  is  that  the  pressure  is  con-, 
stant  regardless  of  the  amount  oWiquid^  in  the 
cylinder,  since  the  weight  of  the  material  on 

Jtant.   The  main 
r  is 

its  cumbersome  size  and  weight. 


When  it  enters  the  compressor,  air  con- 
tains a  certain  amount  of  moisture  in  vapor 
form.  During  the  compression*  process,  the 
temperature  and  pressure  of  the  air"  increase 
and  the  moisture  remains  in  vapor  form.  If  the 
moisture  would  remain  in  vappr  form  it  would 
have  very  little  effect  on  the  system.  However, 
as  the  compressed  air  cools,  the  moisture 
_  vapor  condenses  into  water.  When  it  is  in  this 
condensed  state,  moisture  causes  corrosion  and 
rust,  dilutes  lubricants,  and  may  freeze  in  the 
lines-  andjsomponents. 

.  Since  cooling*of  the  compressed  air  causes 
the  moisture  to  condense,  pooling  devices  are 
installed  immediately  after  the- compressor  be- 
fore the  air  enters  the  receiver  and  flows  on  into 
the  system.  There  is  a  water  separator  fitted 
on  the  discharge  side  of  the  cooler.  As  the  air 
is  cooled,  the  moisture  ^condenses  and  is  re- 
moved from  the  system  as  the  air  passes 
through  the  water  separator.  The  separators 
are  of  a  variety  of  designs.  The  removal  of 
moisture  is  accomplished  by  centrifugal  force, 
impact,  or  sudden  changes. in  velocity  of  the 


airstre'am.  Many  Water  separators  are  similar  >>P  <*,the  piston  remaiiis  constant.  The  n 
in  design  and  operation  to  the  filters  illustrated  disadvantage  of  the  dead- weight  accumulate 
in  figures  7-14  and  7-15. 


Chemical  driers  afe  incorporated  in  some 
pneumatic  systems.  Their  ^purpose  is  to  absorb 
any  moisture  that  may  collecttin  the  lines  after 
the  water  sepafator.  Air  drier,  dehydrator,  air 
purifier,  and  desiccator  are  all  terms  used  by 
different  manufactures  to  identify^hese  compon- 
ents. -  - 

One  tj^e  of  chemical  drier  is  illustrated  in 
figure  7^16.  This  unit  consists  of  the  housing^ 
a  cartridge  containing  a  chemical  agent,  a  filter 
(sintered  bronze),  and  a  spring.  Various  types 
of  absorbent  chemicals  are  used  by  the  differ-^ 
ent  manufacturers  in  the  Construction  of  the  car«- 
tridges.  To  insure  proper  filtering,  the  air 
must  pass  through  the  drier  in  the  proper  di- 
rection. The  correct  direction  of  flow  is  in- 
dicated by  an  arrow  and  the  word  FLOW  printed 
on  the  side  of  the  cartridge.  The  cartridge 
must  be  replaced  at  intervals  specified  by  the 
applicable  technical  instructions. 7-18 


ACCUM 


Hydraulic  acc^mula^qrsare  incorporated  in 
some  hydraulic1  systems  to  a  voiuipe  of 

liquid  under  pressure  for  subsequent  conver- 
sion into  useful  work.    Thik  potential  energy, 
"may  be  the  result  of. gravitation,  the  elasticity 


SPRING-OPERATED  ACCUMULATOR 

The  ^ingroperated  accumulator  is  similar 
in  principled  and  design  to  the  dead-weight  type, 
except  that  spring  tension  supplies  the  force. 
Figure  7-18  depicts  two  examples  of  spring- 
■"operated  accumulators. 
»*  The  load  characteristics  of  a  spring  are 
such  that  thS  renergy  storage  depends  on  the 
force  required  to  compress  the  spring.  The  ' 
uncompressed  length  of  the  spring  represents 
zero  energy/ storage.  *  , 

v  In  this*  type  accumulator  the  compressions-' 
suiting  from  the  uaaximujn  installedlengthofthe 
spring  or  springs  should  provide  the  minimum , 
pressure  required  of  the  liquid  in  the  cylinder 
assembly.  As  liquid  is  forced  into  the  cylinder, 
the  piston  is  forced  upward  and  the  spring  or 
springs  are  further  compressed,  thus  providing 
a  .reservoir  of 1  potential  energy^  for  l^ter'use, 

•  ft 
AIR-OPERATED  ACCUMULATORS 

The  air-operated  accumulator  is  often 
referred  to  as  a  pneumatic  or  hydropneumatic 
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Figure  7-16.— Chemical  drier. 
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accumulator."  This  type  accumulator  utilizes 
compressed  gas  (usually  ^fr  or  nitig^n)  to 
apply  force  to  the  stored  liquid.  Air-operated 
accumulators  are  classified  as  either  nonsep- 
arator or  separator  types. 

Nonsepa rater  Type 

~ln  the  nonseparator  type  accumulator,  no 
*neans ,  ajg  ^provided  for  separating  the  gas 
from  the  liquid.**  It  consists  of  a  fuE^  enclosed^ 
cylinder,  mounted  in  a  vertical  position,  con- 
taining a  liquid  port  on  the  bottom  and  a  pneu- 
matic charging  port  at  the  top.  Figure  7-19 
depicts  a  nonseparator  type  air-operated 
accumulator. 

To  prevent  gas*  from  entering  the  system, 
there  must  be  softie  liquid  trapped  in  the  bottom 
of  the  cylinder  vhen  this  type  accumulator  is 
placed  in  service.  Nitrogen  or  compressed 
air  is  then  charged  into  the  *op  of  the  cylinder 
until  the  pressure  is  equivalent  to  the,  minimum 
system  'requirements.  As  the  system  forces 
liquid  into  the  bottom  of. the  cylinder,  the  gas 
is  further  compressed  and  this  compressed 
gas  is  then  used  as  the  energy  medium.  Only 
about  70  percent  of  the  accumulator  liquid  is 
used  in  the  system,  as  the  remaining  space 
must  act  as  a  separator  to  prevent  the  gas  from 
entering  the*hydraulic  system. 


Separator  Type 

In  the  separator  type  of  air-operated  accumu- 
lator, a  means  is  provided  to  separate  the  gas 
from  the  liquid.  Three  types  of  separators  are- 
bladder  or  Sag,  diaphragm,  and  piston  (cylinder). 

^  BLADDER  OR  BAG.— Figure  7-20  illustrates 
one  version  pf  an  air-operated  accumulator  of 
the  bladder  type.  This  accumulator  derives 
its  name*tfom  the  shape  of  the  synthetic  rubber 
bladder  or  bag  which  separates  the  liquid  and 
gas  within  the  accumulator^  The  accumulator 
consists  of  a  seamless/ high-pressure  .shell, 
cylindrical  in  shape  Wth  domed  ends.  The 
bladder  is  fuily  enclosed  in  the  shell  and  is 
molded  to  an  air  sterii  in  the  upper  end  of  the 
shell,  as  it  appears/  in  the  illustration.  The 
air  stem  contains  f  high-pressure  air  valve. 
The  bottom  end  of  the  shell  is  sealed  with  a 
special  plug  assembly  containing  the  liquid  port 
and  -usually  a  safety  feature,  which  makes  it 
impossible  to  disassemble  the  accumulator  with 

„  pressure  in  the  system. 

The  bladder/  is  larger  in  diameter  at  the 
top  (near  the  Mr  valve)  and  gradually  tapers 
*  to  a  smaller /diameter  at  the  bottom.  The 
synthetic  rubber  is  thinner  at  the  top  of  the 
bladder  thari  at  the -bottom.  The  operation 
of  the  accumulator  is  based  on  Barlow's  formula 
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Figure  7-17.— Dekd-weight  accumulator. 

for  hoop  stress  yroich  states:  the  stress  in 
a  circle  is  directl^  proportional  to  its  diameter 
and  wall  thickness.  This  means  that  for  a 
certain  thickness,  a  large  diameter  circle  will 
stretch  faster  than  a  small  diameter  circle; 
or  for  a  certain  diameter,  a  thin  wall  hoop 
will  stretch  faster  than  a  thick  wall  hoop. 
Thus,  the  bladder  will  stretch  around  the  top 
at  its  largest  diameter  and  thinnest  wall  thick- 
ness, and  then  will  gradually  stretch  down- 
ward and  push  itself  outward  against  the  walls 
of  the  shell.  As  a  result  the  bladder  is  capable 
of  squeezing  out  all  the  liquid  from  the  accu- 
mulator. Consequently,  the  bladder  accumulator 
has  a  very  high  volumetric  efficiency.  In  other 
words,  this  type  accumulator  is  capable  of  sup- 
plying a  large  percentage  of  the  stored  fluid  to 
do  work.     '  t 

0  ' 


DIAPHRAGM.— Although  there  are  several 
different  modifications  of  the  diaphragm  accum- 
'  ulator,  j^is  usually  spherical  in  shape.  Figure 
7-21  illustrates  an  example  of  this  type.  The 
shell  is  constructed  of  two  metal  hemispheres, 

•  which  are  either  screwed  or  bolted  together. 

*  The  fluid  and  gas  chambers  are  sepe  rated  by 
a  snythetic  rubber  diaphragm.    An  air  valve 

4  "for  pressurizing  the  accumulator  is  located  in 
thevgas  chamber  end  of  the  sphere,  and  the 
liquid  port  to  the  hydraulic  system  is  located 
.  on  the  opposite  end  of  the  sphere.  This  accum- 
ulator operates  very  similar  to  the  bladder 
type.  p 

CYLINDER.— A  cylinder  type  accumulator 
iS  illustrated  in  figure  7-22.  *  This  accumulator 
contains  a  free-floating  piston,  which  separates 
the  gas  and  liquid  chambers.  The  cylindrical 
accumulator  consists  of  a  barrel  assembly, 
a  piston  assembly,  and  two  end  cap  assemblies. 
The  barrel  assembly  houses  the  piston  and  in- 
corporates provisions  for  securing  the  end  caps. 
The  piston  contains  two  packings.  A  small, 
drilled  passage  f rora-  thp  Mqukk  side  of  the 
piston  to  a  point  between  the  two  seals  provides 
'for  lubrication  of  the  seal  on  the  air  chamber 
side. 

Operation 

€ 

In  the  operation  of  pneumatic  type  accum- 
ulators, the  compressed  air  chamber  is  infilled 
with  air  or  nitrogen  to  a  predetermined  pres- 
sure that  is  somewhat  lower  than  system  pres- 
sure. This  pressure  is  stipulated  by  the  system 
manufacturer.  This  initial  charge  of  gas  is 
referred  to  as  accumulator  preload. 

As  an  example  of  accumulator  operation, 
assume  tfiat  an  accumulator  is  designed  for  a 
preload  of  600  psi  in  a  1,500  psi  system. 

The  hydraulic  system  pressure  shbuld  be^ 
zero  when  the  initial  charge  of  600  psi  preload 
is  introduced  into  the  air  chamber  of  the  accum- 
ulator. Some  accumulators  are  equiped  with 
air  pressure  gages  for  checking  the  preloadi 
When  the  accumulator  is  not  so  equipped,  a^ 
suitable  ttgh-pressure  air  gage  must  be  in- 
stalled at'  the  air  preload  fitting  for  this  pur- 
pose. As  air  pressure  is  applied  through  the 
air  pressure  port,  it  moves  the  separator 
(bladder,  diaphragm,  or  piston)  toward  the  op- 
posite end.  The  ,600  psi  preloact"  moves  or 
stretches  the  separator  to  the  extent  that  the 
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Figure  7-18.— Spring-operated  accumulators. 


volume  of  gas  uncter  pressure  completely  fills 
the  entire  shell  of  the  accumulator.^  After  the 
accumulator  has  been  preloaded  to  600  psi, 
the  hydraulic  system  is  operated  and  the  pump 
will  force  fluid  against  the  separator  of  the 
accumulator.  The  system  pressure  must  in- 
crease to  a  pressure  greater  than  600  psj  be- 
*  fore,  the- Jiy4rau^p  flyid  can. move  l!he  sepaijator^ 
Thus,  at  601  psi  the  separator  will  sfart  to 
move  within  the  accumulator,  compressing  th§ 
gas  as  \t  moves.  At  lTSOO  psi,  the  gas  is  com- 
pressed to  the  extent  that  it  occupies  less  than 
one-half  the  space  that  it  did  at  600  psi.  The 
remaining  space  stores  a  volume  of  liquid  under 
pressure  for  subsequent  demands  of  the  system. 

When  actuation  of  hydraulic  circuits  lowers 
system  pressure,  it  is  evident  that  the  com- 
pressed gas  will  etffcand  against  the  se£&rattfry 
forcing  liquid  from  the  accumulator,  thus  sup- 
plying an  instantaneous  supply  of  liquid  to  the 
hydraulic;  system. 

Pneumatic  accumulators  sh6uld  be  visually 
examined  for  indications  of  external  hydraulic 
leaks  periodically.  They  should  then  be  exam- 
ined for  external  air  leaks  by  brushing  the  ex- 


terior with  soapy  water,  which  will  form  bubbles 
where  the  air  leaks  occtir. 

The  air  valve  assembly  should  be  loosened' 
*  to  examine  the  a'ccumulatog^or  internal  leaks, 
If  liquid  comes  out  of  the  air  valve,  it  indicates 
a  leak  in  the  separator.  This  is  caused  by 
a  ruptured  bladder  or  diaphragm,  or  by  faulty 
packing  on  the  piston  \ype.  As  a  result  the 
accumulator  5nust  "be  removed,  repaired,  and 
reinstalled. 

Before  removing  an  accumulator  from  the 
system  for  repair,  all  internal  pressure  must 
be  relieved.  The  pumps  must  be  turned  off 
and  system  pressure  relieved  by  actuating  some 
part  of  the  system  until  all  pressure  is  dissi- 
pated. The  preload  is  released  by  loosening 
the  swivel  nut  on  the  air  filler  valve  until 
alt**air  is  completely  -exhausted,  then  remove 
the  valve. 


Applications 


Many  of  the  present  day  hydraulic  systems 
ar,e  equipped  with  one  or  more  accumulators. 
.The  storage  of  liquid  under  pressure  serves 
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Figure  7-19.— Air-operated  accumulator 
(nonse^arator  type).  * 


several  purposes'  in  hydraulic  systems,  some 
of  which  are  described  in  the  following  para^ 
graphs.  Some  of  the  hydraulic  systems  illus- 
trated and  described  in  chapter,  13  of  this  man- 
ual show  the  applications  of  accumulators  and 
their  relationship  to  other  components  in_the 
system.  .  r 

LEAKAGE  COMPENSATOR. -In  some  oper- 
ations it  is  necessary  to  maintain  the  hydrau- 
lic system  under  ^a  controlled  pressurg  for 
long  periods  of  time.  It  is  very  difficult 
to  maintain  a  closed  system  without  some  leak- 
age, either  external  or  internal.  Even  a  ^mall 
leak  can  decrease  the  required  pressure.  By 
the  proper  use  of  an  accumulator,  this  leakage 
can  be  compensated  for  and  the  pressure  main- 
tained within  'an  acceptable  range  for  long  pe- 
riods of  time.  In  the  same  manner,  the  accum- 
ulator can  compensate  for  thermal  expansion 
and  contraction  of,  the  liquid  due  to  variations 
in  temperature.  ' 

SHOCK  ABSORBER. -A  liquid,  flowing  a«ta 
high  Velocity  in' a"  pipe,  will  create  a  backward 


surge  when  stopped  suddenly  bjr  the  closing 
of  a  valve  and  thus  develop  instantaneous  pres- 
.sures  two_ancLthre^.times-the-Operating-pressure 
of  the  system.  This  shock  will  result  in  ob- 
jectional  noise  and  vibration  which  can  cause 
considerable  damage  to  piping,  fittings,  and  com* 
ponents.  The*  incorporation  of  an  accumulator 
will  enable  such  shock  and  surges  to  be  absorbed 
or  cushioned  by  the  entrapped  gas,  thereby 
reducing  their  effects.  The  accumulator  will 
also  dampen  pressure  surges  caused  by  the 
pulsating  delivery  from  the  pump. 

AID  TO  PUMP.— There  are  times  when  most 
hydraulic  "systems  require  large  volumes  of 
liquid  for  short  periods  of  time.  This  is  due 
to  large  cylinders  or  the  necessity  of  operating 
two  or  more  circuits  simultaneously.     It  is 
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Figure  7-20.— Air-operated  bladder 
type  accumulator. 
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not  economical  to  incorporate  a  pump  of  such 
capacity  in  th*  system  for  only  intermittent 
usage  to  supply  these  applications,  particularly 
if  there  are  sufficient  intervals  during  the 
working  cycle  for  an  accumulator  to  store 
up  a  volume  of  liquid  to  aid  the  pump  during 
these  peak  demands. 

EMERGENCY  POWER  SUPPLY. -The  energy 
stored  in  an  accumulator  may  be  used  to  actuate 
a  unit  in  the  event  of  normal  hydraulic  system 
failure.  For  example,  in  an  aircraft  hydraulic 
system,  sufficient  energy  can  be  stored  in 
the  accumulator  for  several  applications  of 
the  wheel  brakes. 
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Figure  7-21.— Diaphragm  accumulator. 
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Figure  7-22.— Cylinder  (piston)  accumulator. 
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CHAPTER  8 


PUMPS  AND  COMPRESSORS 


To  accomplish  work,  fluid  power  systems 
require  some  means  to  provide  a  How  of  fluid. 
Pumps'  are  utilized  to  provide  this  requirement 
in  hydraulic  systems.  Although  the  volume  and 
the  pressure  of  a  compressed 'gas  provide  the 
flow  in  pneumatic  systems,  some  means  must  be  ' 
utilized  to  compress  the  gas.  The  air  compressor 
is  commonly  used  in  pneumatic  systemsfor  this 
purpose  and  is,  therefore,  considered  the  source 
of  power  in  pneumatic  systems.    It  should  be 
noted  that  some  pneumatic  systems  do  not  contain 
a  compcessor.    In  these  systems,  a  container, 
such  as  a  cylinder  or  bottle,  o\compressed  gas 
(air  or  nitrogen)  is  .connected  to  the  system  to 
provide  the  power  for  the  systemrnHOwever 
f.nfw^1'6  01  coaiPressor  mustbe,used  to  charge 
£U1)  these  containers  with  the  compressed  gas 
Although  pumps;  and  compressors  do  serve 
similar  function^  in  their-  resVeetive.systemsL*. 
the  principles  of  pperation  and.,the  design  differ 
to  some  e^ent-^e^tn«se^tffeyemres,  the 
two  components  are  discussed  separately  in 
this  chapter.  J 


PUMPS 

Pumps  are  used  ior  a  number  of  essential 
services  in  the  Navy.  Pumps  supply  water  to  the 
boilers,  draw  condensationfrom  the"  condensers 
supply^  sea  water  to  the  firemain,  circulate 
cooling  water  for  coolers  and  condensers,  pump 
*  «„?ges',  transfer  ft»el»  s"PPly  water  to  the 
distilling  plants,  and  serve  many  other  purposes. 
Although  the  pumps  discussed  in  this  chapter  are 
those  used  in  hydraulic  systems,  the  principles 
of  operation  of  the  different  types  apply  to  the 
pumps  used  in  other  systems. 

PURPOSE* 

A. hydraulic  pymp  is  a  device  which  converts 
mechanical  force  and  motion  foto  hydraulic 
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energy.  Many  different  sources  are  used  to 
provide  the  mechanical 'power  to  the  pump. 
Electric  motors,  air  motors,  and  gasoline 
engines  are  all  used  as  a  source  of  power  to 
operate  hydraulic  pumps.  Some  pumps  are 
manually  operated.  Many  of  the  pumps  in 
aircrtfehydraulic  systems  are  attached  to  and 
driven  by  the  aircraft  engine. 

The  purpose  of  a  hydraulic  pump  is  to  supply 
.  a  flow  of  fluid  to  a  hydraulic  system.  It  should 
be  emphasized  that  a  pump  does  not  create 
pressure,  since  pressure  can  be  created  only 
by  a  resistance  to  the  flow.    As  it  provides 
flow,  the  pump  transmits  a  force  %to  the  fluid. 
As  a  result,  a  pump  can  produce  the  flow  and 
force  necessary  for  the  development  of  pressure; 
however,  since  it  cannot  provide  resistance  to 
ite  °&?Jfe  *  PU?P>  alone,  cannot  produce 
pressure;  Tteststarfi^  t^ilow  ia.theteeoilt**- 
y%  ™akl$$B.  °tJ^^c&?p  in  the  path  of  the ; 
fiow.     this  restriction  is  normally  the  work 
accomplished  by  the  hydraulic  system,  but  can 
also  be  restrictions  of  lines,  fittings,  and  valves 
within  the  system.   Thus,  the  pressure  is  con- 
trolled by  the  load  imposed  on  the  system  or  the 
action  of  a  pressure  regulating  device. 

In  order  for  a  pump  to  supply  a  flow  of  fluid 
to  the  puiqp  outlet  and  into  the  system,  it  must 
have  a  continuous  supply  of  fluid  available  to 
the  inlet  port  Atmospheric  pressure  (discussed 
in  chapter  2)  plays  an  important  role  in/tHa 
supply  of  fluid  to  the  inlet  port/  If  the  pump 
is  located  at  a  level  lower  than  that  of  the 
reservoir,  the  force  of  gravity  supplements 
atmospheric  pressure.  However,  in  most  sys- 
tems the  pump  is  located  above  the  reservoir. 
Aircraft  and  missiles  that  operate  at  high 
altitudes  are  equipped  with  pressurized  hy- 
draulic reservoirs  (see  chapter  7)  to  compensate 
for  low  atmospheric  pressure  encountered  at 
high  altitudes. 

As  the  pump  forces  fluid  through  the  outlet 
•port,  a  partial  vacuum  or  low-pressure  area 
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(often  referred  to  as  suction)  is  created  at  the 
inlet  port.  This  low-pressure  area  contains  a 
pressure  lower  than  the  surrounding  atmos- 
pheric pressure  (approximately  14.7  psi  at  sea 
.level).  When  the  pressure  at  the  inlet  port 
of  the  pump  is  lower  than  the  local  atmospheric 
pressure,  the  atmospheric  pressure  acting  on 
the  fluid  in  the  reservoir  forces  the  fluid  into 
the  pump. 


PUMP  PERFORMANCE  < 

Bumps  are  normally   rated  in  terms  of 
volumetric  output  arid  pressure.  The  volumetric 
output  is  the  amount  of  fluid  the  pump  can 
deliver  to  its  outlet  port  in  a  certain  period  of 
time  at  a  given  speed    Volumetric  output  is  y 
usually  expressed  in  gallons  per  minute  (gpin).  ^ 
Sincevchanges  in  pump  speed  affect  volumetric 
output,   some  pumps  are  rated  according  to 
displacement  Pump  displacement  is  the  amount 
of  fluid  the  pump  can  deliver  per-cycle.  Since 
most  pumps  use  a  rotary  drive,  the  displacement 
is  usually  expressed  in  terms  of  cubic  inches 
per  revolution. 

As  stated  previously,  a  pump  does  not  create 
pressure.  However,  the  pressure  developed  by 
the  restriction  in  the  system  is  a  factor  that 
affects  the  volumetric  output  of  the  pump.  As 
the  system  pressure  increases,  the  volumetric 
output  decreases.  This  drop  in  volumetric 
output  is  the  result  of  an  increase  in  the  amount 
of  internal  leakage  from  the  outlet  side  to  the 
inlet  side  of  the  pump.  This  leakage  is  referred 
to  as  pump  slippage  and  is  a'f actor  that  must 
be  considered  in  all  pumps.  Therefore,  most 
^WTptf^e  rated  in-terma  o^olijroetjic  4g?JPu^ 
at  a  given  pressure." Some  piimps  have  greater 
internal  slippage  than  others.  This  indicates 
the  efficiency  of  a  piynp  and  is  usually  expressed 
in  percent. 


CLASSIFICATION  OF  PUMPS 

i'  Many  different  methods  are  used  to  classify 
pumps.  Terms  such  as  nonpositive  displace- 
ment, positive  displacement,  fixed  displacement, 
variable  displacement,  fixed  delivery,  variable 
delivery,  constant  volume,  anfi  others  are  used 
to  describe  pumps.  The  first  two  of  these  terms 
describe  the  fundamental  division  of  pumps; 
that  is,  all  pymps.are  either  of  the  nonpositive 
displacement  or  positive  displacement  type. 


Basically,  pumps  which  discharge  liquid  in  a 
continuous  flow  are  referred'  to  as  nonpositive 
\  displacement,  and  those  which  discharge  vol- 
\mnes  separated  by  a  period  of  no  discharge 
afS  referred  to  as  positive  displacement. 

Although  the  nonpositive  displacement  pump 
normally  produces  a  continuous  flow,  it  does 
not  provide  a  positive  seal  against  slippage 
and,  therefore,  the  output  of  the  pump  varies 
as  system  pressure  varies.  In  other  words, 
the  volume  of  fluid  delivered  for  each  cycle  is 
dependent  upon  the  resistance  offered  to  the 
flow.  This  type  pump  produces  a  force  on  the 
fluid  that  is  constant  for  each  particular  speed 
of  the  pump.  Resistance  in  the  discharge  line 
produces  a  force  in  the  opposite  direction. 
When  these  forces  are  equal,  the  fluid  is  in  a 
state  of  equilibrium  and  does  not  flow. 

If  the  outlet  of  a  nonpositive  displacement 
pump  is  completely  closed,  the  discharge  pres- 
sure will  increase  to  the  maximum  for  that 
particular  pump  at  a  specific  speed.  Nothing 
more  will  happen  except  that  the  pump  will 
churn  the  fluid  and  produce  heat. 

In  contrast  to  the  nonpositive  displacement 
pump,  the  positive  displacement  pump  provides 
a  positive  internal  seal  against  slippage.  There- 
fore, this  type  pump  delivers  a  definite  volume 
of  fluid  for  each  cycle  of  pump  operation, 
regardless  of  the  resistance  offered,  provided 
the  capacity  of  the  power  unit  driving  the  pumjv- 
is  not  exceeded.  If  the  outlet  of  a  positive 
displacement  pump  is  completely  closed,  the 
pressure  would  instantaneously  increase  to  the 
point  at  which  the  unit  driving  the  pump  would 
stall  or  something  would  break. 

h  ~  ^bsitive  displacement  pumps  are  further 
classified  as  fixed  displacement  or  variable 
displacement  The  fixed  displacement  pump 
delivers  the  same  amount  of  fluid  on  each 
cycle.  The  output ~>olume  can  be  changed  only 
by  changing  the  speed  of  the  pump.  When  a 
pump  of  this  type  is  used  in  a  hydraulic  system, 
a  pressure  regulator  (unloading  valve)  must  be 
incorporated  in  the  system.  A  pressure  reg- 
ulator or  unloading  valve  is  used  in.  a  hydraulic 
system  to  control  the  amount  of  pressure  in  the 
system  and  to  unload  or  relieve  the  pump  when 
the  desired  pressure  is  reached.  This  action 
of  a  pressure  regulator  keeps  the  pump  from 
working  against  a  load  when  the  hydraulic 
system  is  at  maximum  pressure  and  not  func- 
tioning. During  this  time  the  pressure  regulator 
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bypasses  the  fluid  from  the  pump  back  to  the 
reservoir.  (See  chapter  10  for  more  detailed 
information  concerning  pressure  regulators.) 
The  pump  continues  to  deliver  a  fixed  volume 
of  fluid  during  each  cycle.  Such  terms  as  fixed 
cfifcivery,  constant  delivery,  and  constant  volume 
are  all  used  to  identify  the*' fixed  displacement 
pump. 

The  variable  displacement  pump  is  con- 
structed in  such  a  manner  that  the  displacement 
per  cycle  can  be  varied.  -The  displacement 
is  varied  through  the  use  of  an  integral  con- 
trolling device  which  controls  the  working  re- 
lationship of  the  internal  operating  mechanisms 
of  the  pump.  Some  of  these  controlling  devices 
are  described  later  in  this  chapter. 

Pumps  may  also  be  classified  according  to 
the  specific  design  used  to  create  the  flow  of 
fluid.  Practically  all  hydraulic  pumps  fall  within 
three  classifications  of  design— centrifugal,  ro- 
tary, and  reciprocating.  These  classifications 
are  best  illustrated  in  the  following  discussion 
of  principles  of  operation. 


CENTRIFUGAL  PUMPS 

There  are  several  different  types  of  cen- 
trifugal pumps,  but  they  all  operate  on  the  same 
principle.  In  each  case,  the  operation  depends 
upon  the  centrifugal  force  produced  by  the 
rotation^  of  an  impellerwat  high  speeds.  This 
force,  in  turn,  imparts  a  high  velocity  to  the 
fluid  delivered  through  the  pump. 

Centrifugal  force  is  based  on  the  principle 
3t  inertia.  AlthdGgh  inertia  is  discussed  in 
detail  in  chapter  2,  for  convenience,  the  basic 
law  is  repeated  here:  "A  body  at  rest  tends 
to  remain  at  rest,  and  a  body  in  motion  tends 
to  continue  in  motion  with  the  same  velocity 
and  in  the  same  direction. M 

Many  illustrations  of  centrifugal  force  could 
be  cited.  A  familiar  one  is  the  tendency  of  an 
automobile  to  skid  towards  the  outside  of  the 
curve  when  rounding  a  corner  at  high  speed. 
For  the  same  reason  the  occupants  of  the 
automobile  are  forced  against  the  outer  side. 
An  example  of  centrifugal  force,  helpful  for  the 
understanding  of  centrifugal  pumps,  can  be 
found  if  on.e  imagines  a  man  whirling  a  bucket 
of  water  rapidly  .around  in  a  circle  over  his 
head.  If  he  whirls  the  bucket  rapidly  enough, 
the  outward  or  centrifugal  force  will  hold  the 
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water  against  the  bottom  of  the  bucket  and 
will  not  spill,  even  when  *the  bucket  is  upside 
down.  By  whirling  the  bucketfrery  rapidly, 
a  force  many  times  the  force  ot  gravity  can 
be  developed.  ; 

To  understand  the  application  of  thxi  example 
to  a  centrifugal  pump,  assume  that  a  number 
of  bottomless  buckets  rotating  about  a  center- 
are  placed  as  shown  in  figure  8-1  (A).  The 
bottom  of  the  buckets  is  sealed  by  contact 
with  what  might  be  called  a  continuous  bottom 
in  the  shape  of  the  bounding  wall  against 
which  they  rotate.  As  the  buckets  rotate, 
centrifugal  force  pushes  Ihe  liquid  against 
this  continuous  bottom. 

If  the  buckets  are  shaped  like  pieces  of 
pie,  and  they  completely  fill  the  circle,  as 
^hown  in  figure  8-1  (B),  then  the  buckets  will 
act  as  a  paddle  wheel  revolving  in  a  drum- 
shaped  container.  The  result  is  a  continuous 
liquid  pressure  due  to  centrifugal  force  over, 
all  the  circumference  of  the  container.  The 
pressure  is  the  result  of  the  restriction  to 
the  flow  of  the  liquid  caused  by  the  walls  of 
the  container. 

By  enlarging  the  diameter  of  the  container 
(fig.  8-1  (C)),  a  space  (A)  is  created  for  liquid 
between  th^ends  of  the  paddles  and  the  drum. 
The-  rotation  of  the  liquid  in  the  buckets, 
because  of  centrifugal  force,  pushes  outward 
against  the  liquid  bottom  and  thereby  imparts 
a  pressure  to  the  liquid  in  space  (A).  If  the 
liquid  remains  statiormrf — whietfUvouldnotactu-* 
ally  be^tbe  case  in  practice— then  it  would  be 
subjected  to  a  true  static  pressure,  the  magnitude 
of  which  would  be  dependent  upon  the  centrifugal 
force  of  the  liquid  between  the  paddles. 

If  an  opening  were  provided  in  the  containing 
drum,  the  centrifugal  force  would  cause  the 
liquid  in  space  (A)  to  be  discharged.  If  the  liquid 
in  spaC.e  (A)  were  stationary,,  this  discharge 
could  take  any  direction  because,  according  to 
Pascal's  law,  static  pressurflNin  a  fluid  is 
transmitted  equally  in  all  directions.  In  prac- 
tice, however,  another  factor  mustbe  considered 
which  determines  the  direction  of  discharge. 
This  factor  is  explained  shortly. 

If  a  means  for  continuously  filling  the  bucket 
is  provided,  such  as  a  central  opening  in  the 
container,  and  a  source  of  power  to  rqtate 
the  paddles  is  provided,  then  a  continuous  flow, 
as  shown  in  figure  8-1  (D),  exists.  This 
demonstrates  one  of  the  principles  that  apply 
to  the  operation  of  the  'centrifugal  pump. 
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Figure  8-L--Centrifugal  force. 


When  a  force, which  is  compelling  an  cjbject 
to  move  in  a  curved  path  is  removed,  the  object 
will  travel  in  a  straight  line  with  the  speed  and 
direction  it  had  at  the  instant  the  force  was 
removed*  This  is  illustrated  in  figure  8-2. 
An  object  is  attached  to  a  line  (R)  and  swung 
around  in  a  circular  path.  Assume  that  the 
lihe.breaks  when  it  reaches  the  vertical  position 
shown.  The  object  vHlkthen  fly  off  horizontally 
(at  right  angles  to  the  liqe)  with  the  velocity  it 
had  at^that  moment  This  horizontal  path  will 
be  tangent  to  the  circular  path  the  object  was 
following  up  to 'this  moment,  so^this  action  is 
commonly  called  "going  off  on  a  tangent,"  while 
the  velocity  is  called  tangential  velocity. 
"*  .This  iS  tte  principle* of  the- old  fashioned 
sling  shot,  in  which  a  jnan  placed  a  stone  in  a 
leather  holder  to  which  two  strings  were  at- 
tached, swung  it  around  in  a  circular  path  several 


>  times  to  impart  velocity,  and  then  let  go  one 
of  the  strings.  This  principle  is  utilized  in  the 
centrifugal  pump  in  addition  to  the  outward 
action  of  centrifugal  force  previously  described. 

Referring  to  figure  8-1,  (D),  as  soon  as  some 
Of  the  liquid  in  sfcace  (A)  is  permitted  to  escape, 
a  continuous  suction  or  low-pressure  area  will' 
,be  set  up  in  the  center  opening.   (This  center 
opening  is  commonly  referred  to  as  the  eye.) 
Atmospheric  pressure  and,   in  some  cases, 
gravity  torce  acting  on  the  liquid  in  the  reser- 
voir ^  will  force  liquid  into  the  eye  of  the  con** 
tainer.    The  blades  or  paddles  will  then  start 
rotating  the  liquid. "  As  the  liquid  from  space 
(A)  flows  out  of  the  container,  the  liquid  be- 
tween the  blades  will  move*  out  to  a  greater 
and  greater  radius.  In  §o  doing  it  will  acquire 
an  increasing  tangential  velocity,  because  the 
angular  velocity  of  the  blades  is  constant,  and 
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Figure  8-2.— Tangential  velocity. 


as  the  radius  of  the  circular  path  increases, 
the  liquid  must  travel  av  greater  distance  per 
revolution.  Eventually,  it  will  ^each  the  tip  of 
the  blades  and  enter  space  (A)>  which  is  equiva- 
lent to  "going  off  on  a  tangent"  as  described 
previously.  The  liquid  will  also  tend  to  continue 
moving  directly  outward  from  the  center  of  the 
circle  because  of  its  inertia.  The  two  actions- 
centrifugal  and  tangential— are  then  combined 

This  liquid  that  is  thrown  off  the  tips  of  the 
blades  has  a  velocity  equal  to  the  tangential, 
velocity  it  had  the  instant  it  left  them.  The  two 
actions— centrifugal  force  arid  tangential  veloci- 
ty—cause  the  liquid  to  flow  out  of  the  discharge 
port  4 

Since  it  is  part  of  the  meaning  of  velocity  . 
that  it  have  direction  (see  chapter  2),  the  direc- 
tion in  which  the  discharge  takes  place  becomes 
important  In  order  to  make  the  most  use  of  the 
velocity,  the  discharge  is  generally  in  an  ap- 
proximately tangential  direction. 

The  liquid  is  thrown  off  the  paddles,  or  im- 
peller blades,  as  they  are  called  ,  in  the  pump, 
all  around  the  circle.  Therefore,  liquid  is  added 
to  the  space1  (A)  at  all  points,  but  escapes  from 
this  space  at  only  one  point  In  order  to  com- 
pensate for  this,  it  is  customary  to  increase  the 
area  of  space  (A)  as  the  outlet  is  approached. 
By  this  means  it  is  also  possible  to  slow- down 
the  tangential  velocity  at  a  more  gradual  rate, 
and  thereby  obtain  more  efficient  conversion  dT 
the  velocity,  in  the  pump  into  flow  to  the  system. 
Therefore,  it  is  customary  to  design  space  (A) 
in  the  shape  like  that  shown  in  figure  8-3.  This 
shapfc—  called  a  volute— continuously  expands  in 
.  a  definite  ratio. 


•VOLUTE 
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Figure  8-3.— Basic  elements  of  a  centrifugal 
pump. 


The  details  of  the  size  and  shape  of  the  volute 
used  are  very  important  to  the  efficiency  of  the 
pump,  as  are  likewise >the  exact  shape,  size,  and 
speed  of  rotation  of  the  impeller.  In  general, 
it  is  true  that  impeller  blades  that  curve  back- 
ward with  respect  to  their  direction  of  rotation 
give'  better  results  than  straight  blades,  but  the 
reasons  for  this  and  for  the  other  details  of 
construction  are  matters  which  concern  the  de- 
signer primarily,  and  are  outside  the  scope  of 
this  training  manual* 

Types 

The  two  most  common  types  of  centrifugal 
pumps  used  in  hydraulic  systems  are  the  volute 
and  diffuser  types.  In  both  types,  flow  is  provid- 
ed by  the  action  of  centrifugaliorce.  At  the  same 
time,  the  rotation  of  the  impeller  produces  the 
greater  part  of  the  velocity  that  forces  the  liquid 
out  through  the  discharge.  The  major  differences 
between  the  two  types  are  described  in  the  fol- 
lowing paragraphs.  t 

VOLUTE  TYPE.— Figure  8-4  illustrates  the 
operation  of  a  volute  type,  centrifugal  pump. 
The%impeller  discharges  the  liquid  at  a  high 
velocity  into  a  progressively  expanding  casing. 
This  contour  of  the  casing  directs  the  movement 
of  the  liquid  through  thg^outlet  port  and  into  the 
system.  *  "  . 
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Figure  8-4.— Volute  type  centrifugal  pump. 


TUSER  TYPE.— Figure  8-5*  illustrates  the 
diffuser  type  pump.  It  is  similar  in  design  to  the 
volute  pump,  with  the  addition  of  a  series  of 
stationary  blades  incorporated  around  the  out- 
side circumference  of  the  impellerblades.  These 
stationary  blades  are  "termed  the  diffuser.- The 
diffuser  blades  are  curved  in  the  opposite  direc- 
tion from  the  rotating  impeller  blades.  The  dif- 
fuser reduces  the  velocity  of  the  liquid  and  de- 
creases 'slippage  (previously  described),  whifch 
increases  the  efficiency  of  the  pump. 

•IMPELLER 


DIFFUSER 
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Figure  8-5.— Diffuser  type  centrifugal  pump. 


^Classification 

Centrifugal  pumps  are  classified  in  several 
ways.  For  example,  they  may  be  either  single- 
stage  or  multistage.  A  single-stage  pump  has 
only  one  impeller.  A  multistage  pump  has  two  or 
more  impellers  housed  together  in  one  casing. 


As  afcYule,  eath  impeller  acts  separately,  dis- 
charging to  the  inlet  (suction)  side  of  the  next 
stage  impeller.  For  the  sake  of  compactness, 
the  several  impellers  which  make  up  a  multi- 
stage pump  are  almost  invariably  placed  on  one 
shaft  Figure  8-6  shows  a  possible  flow  diagram 
for  a  four-stage  pump. 

The  illustrations  of  centrifugal  pumps  in  this 
section  emphasize  horizontal  pumps;  that  is, 
pumps  with  their  shaft  parallel  to  the  horizontal 
axis.  These  pumps  can  operate  just  as  efficiently 
when  installed  in  such  a  position  that  the  shaft 
is  parallel  to  the  vertical  axis.  However,  these 
pumps  are  sometimes  classified  as  horizontal 
or  vertical  pumps. 
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Figure  8-6.— Flow  diagram  of  a  fouT^tage 
centrifugal  pump. 


The  impellers  used  in  centrifugal  pumps  may 
be  classified  as  single-suction  or  double- suc- 
tion. The  single-suction  impeller  allows  liquid  to 
enter -the  eye  from  one  direction  only;  the  double- 
suction  type  allows  liquid  to  enter  the  eye  from 
two  directions.  Impellers  are  also  classified  as 
CLOSED  or  OPEN.  Closed  ftnpellers  have  side 
walls  that  extend  from  the  eye  to  the  outer  edge . 
of  the  blade  tips;  open  impellers  do  not  have 
these  side  walls. 

Manufacturers  sometimes  classify  centrifu- 
gal pumps  according  to  the  size  and  shape  of  the 
casing,  arrangement  of  the  discharge  nozzle  ip 
relation  to  the  pumping  chamber,  "'and  the  type 
of  material  used  in  construction  of  the  pump. 

Centrifugal  pumps  may  be  driven  by  any  of 
the  sources  mentioned  previously  in  this  chapter. 
Many  of  the  centrifugal  pumps  aboard  ship  are 
driven  by  steam  turbines.  As  a  rule,  centrifugal 
pumps  are  direct  drive— that  is,  the  impeller 
rotates  at  the  same  rpm  as  the  power  source. 
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Figurje  8-7.— Gear  type  rotary  pump. 


However,  some  lpw-pressure  centrifugal  pumps 
have  reduction  gears  installed  between  the  power 
source  and  the  impeller.  This  allows  the  power  % 
source  to  operate  at  a  high  speed  and  the  im^. 
peller  to  operate  at  alower  speed,  thus  obtaining 
maximum  efficiency  from  both  the  poweV  source 
and  the  pump.  * 

Applications 

Since  centrifugal  pumps  are  nonpositive  di$-  ' 
placement,  their  use  in  hydraulic  systems  is ' 
normally  limited  to  systems  that  require  a large 
volume  of  flow  and  operate  at  a  relatively  low 
pressure.  Some  Jiydraulic  systems  require  vari- 
ations of  flow  and  pressure.  A  centrifugal  pump  • 
is  sometimes  used  ih  combination  with  a  positive 
displacement  pump  to  supply  the  demands  of  such 
systems.  The  positive  displacement  pump  main- 
tains the  system  during  periods  requiring  low 
volume  and  high  pressure.  The  centrifugal  pump 
aids  the  positive  displacement  pump  when  the 
system  requires  large  volumes  and  l6w  pres- 
sure.        1    ,  ) 


In  some  hydraulic  systems  a  centrifugal  pump 
is  used  with  a  variable  displacement  pump.  Both 
pumps  are  driven  by  the  same  electric  motor. 
The  motor  is  fully  enclosed  and  is  cooled  by  a 
flow  of  liquid  from  the  centrifugal  pump.  The 
centrifugal  pump  a}so  provides  a  supply  of  liquid 
to  the  inlet  port  of  the  variable  displacement 
pump.  This  insures  an  adequate  supply, of  liquid 
to  the  main  pump  (variable  displacemertt)  for  all « 
demands  of  .the  system.  i 


ROTARY  PUMPS 

All  rotary  pumps  operate  by  means  of 
rotating  .parts  which  trap  the  fluid  at  the  inlet 
(suction)  jjort  and  force  it  through  the  discharge 
port  into  the  system.  Gears,  screws,  lobes,  and 
vanes  are  commonly  used  as  elements  in  rotary 
pumps.  Rotary  pumps  operate  on  .the  positive 
displacement  principle  and  are  of  the  fixed 
displacement  type. 

Rotary  pumps  are  desig^eg^with  very  small 
clearances  between  rotating  parts  and  between 
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rotating  parts  and  stationary  parts,  in  order  to 
minimize  slippage  from  the  discharge  side  back 
to  the  suction  side.  Pumps  of  this  type  are  de-. 
signed  to  operate  at  relatively  moderate  speeds 
in  order  to  tnaintain  these  clearances.  Operation 
at  higher  speed  causes  erosion  and  excessive 
wear,  resulting  in  increased  clearances. 

Classification 

Like  centrifugal  pumps,  there  are  numerous 
types  of  rotary  pumps  and  various  methods  of 
classification.  They  may  be  classified  as  to 
shaft  position— either  vertically  or  horizontally 
mounted;  the  type  of  drive— electric  motor, 
gasoline  engine,  etc;  manufacturer's  name;  or 
service  application.  However,  classification  of 
rotary  pumps  is  generally  made  according  to 
the  type  of  rotating  element.  A  few  of  .the  most 
common  types  of  rotary  pumps  are  discussed 
in  the  following  paragraphs.  * 

GEAR.— The  simple  gear  pump  (fig.  8-7) 
consists  of  two  meshed  gears  which  revolve 
in  a  housing.  The  drive  gear  in  the  illustration 
in  turned  by  a  drive  shaft  which  engages  the 
power  source.  The  clearances  between  the 
gear  teeth  as  they  mesh  and  between  the  teeth 
and  the  pump  housing  are  very  small. 

The  inlet  port  is  connected  'to  the  fluid 
supply  line,  ana  the  outlet  port  is  connected  to 
the  pressure  lipe.  Referring  to  figure  8-7,  the 
drive  gear,  is  turning  in  a  counterclockwise 
direction,  and  die  driven  (idle)  gear  is  turning 
in  a*clockwise  direction,  As  the  teeth  pass  the 
inlet  port,  liquid  is  trapped  between  the  teeth 
and  the  housing*  This  liquid  is  carried  around 
the  bousing  to  the  outlet  port.  As  the  teeth 
mesh  again,  the  liquid  between  the  teeth  is 
displaced  into  the  outlet  port  This  action 
produces  a  positive  flow  of  liquid  into  the  system. 
A  shearpin  vr  shear  section  is  incorporated 
in  the  drivel  shaft  This  is  to  protect  the 
power  source  or  reduction  gears  if  the  pump 
fails  because  of  excessive  load  or  Jamming  of 
parts. 

The  gears  of  the  pump  illustrated  in  figure 
8*7  are  referred  to  as.spur  ge^rs.  Herringbone 
and  helical  gears  are  also  used  in  the  construc- 
tion of  gear  pumps. 

The  herringbone  gear  pump  (fig.  8-8)  is  a 
modification  of  the  simple,  gear  pump.  The 
liquid  is  pumped  in  the  same  manner  as  in  the 
spur  gear  pump.  However,  in  the  operation  of 
the  herringbone  pump,  orS*  discharge  phase 
begins  before  the  previous ^dispharge  phase4 is 


entirely  complete.  This  overlapping  and  the 
relatively  larger  space  at  the  center  of  the  gears 
tend  to  minimize  pulsations  and  give  a  steadier 
flow  than  is  produced  by  the  spur  gear  pump. 
„  The  helical  gear  pump  isestill  another  modi- 
fication of  the  simple  gear  pump.  Because  of 
the  helical  gear  design,  the  overlapping  of 
successive  discharges  from  spaces  between  the 
teeth  is  even  greater  than  it  is  in  the  herring- 
bone gear  pujnp;  therefore,  the  discharge  flow 
is  smoother.  Since  the  discharge  flow  is  smooth 
in  the  helical  pump,  the  gears  can  be  designed 
with  a  small  number  of  large  teeth— thus  allow- 
ing increased  capacity  without  sacrificing 
smoothness  of  flow,  / 

Figure  8-9  shows  a  helical  gear  pump.  The 
pumping  gears  of  this  type  pump  are  driven  by 
a  set  of  timing  and  driving  gears,  which  also 
,  function  to  maintain  the  required  close  clear- 
ances while  preventing  actifal  metallic  contact 
^between  the  pumping  gears.  (Metallic,  contact 
between  the  teeth  of  the  pumping  gears  would 
provide  a  tighter  seal  against  slippage;  however, 
it  would  cause  rapid  wear  of  the  teeth,  because 
foreign  matter  in  tfce  liquid  would  be  present 
on  the  cofitast  surfaces.) 

Roller  gearings  at  both  ends  of  the  gear 
shafts  maintain  proper  alignment  and  minimize 
the  friction  loss  in  the  transmission  of  power. 
Suitable  packings  are  used  to  prevent  leakage 
around  the  shaft 

The  spur,  herringbone,  and  helical  are  all 
classified  as  external  gear  puipps.  This .  is 
because  both  sets  of  teeth  proje9t  outward  from 
the  center  of  the  gears.  In  an  internal  gear 
pump,  "the  teeth  of  one  gear  project  outward, 
but  the  teeth  of  the  other  gear  project  inward 
toward,  the  center  of  the  pump,  as  shown  in 
figure  8-10  (A).  One  gear  wheel— the  external 
gear— stands  inside  the  other— the  internal  gear. 

One  type  of  internal  gear  pump  is  illustrated 
in  figure  8-10  (B).  The  external  (drive)  gear  is 
attached  directly  to  the  drive  shaftfof  theypump 
and  is  placed  off  center  in  relatioato  the  infernal 
gear.  The  two  gears  mesh  on  one  side  of  the 
pump,  between  the  inlet  (suction)  and  discharge 
ports.  On  the  opposite  side  of  the  .chamber,  a 
crescent-shaped  form1  is  located  in  the, space 
between  the  two.  gears  in  such  a  way /as  to 
provide  ariose  tolerance  with  them.     *  f 

The  rotation  of  the  center  gear  by  the  drive 
'  shaft  causes  the  outside  gear  to  rotate,  since 
the  twdare  in  mesh.  Everything  in  the  chamber1 
rotated  except  the  Qrescent  This  actiqn  causes 
,  liqui'd  to  be  trapped  in  the  gear  spaces  as  they 
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Figure  8-8.— Herringbone  gear  pump. 


the  crescent  The  liquid  is  carried  from  the 
inlet  port  to  the  discharge  port,  where  it  is 
forced  out  of  the  pump  by  the  meshing  of  the 
gears.  As  the  liquid  is  forced  from  inlet 
side  of  the  pump,  a  low-pressure  area  is^reated 
at  the  inlet  port  allowing  atmospheric  pressure, 
to  f<prce  liqvtfd  into  the  pump  from  the  source  of^ 
supply.  "T^he  size  S  the  crescent  &at  separates* 
the  internal  and  external  gears  is  the  determin- 
ing factor  in  the  volume  delivery  of  the  pyi»p. 
A  small  crescent  allows  more  volume  <j£  liquid 

.  per  revolution  than  a  larger  crescent  1 
Another  design  of  internal  gear  pump  is 

.  illustrated  in  figures  8-11  and  8-12.  This  pump 
consists  of  a  pair  of  gear-shaped  elements, 
one  within  the  'other,   located^  in  the  pump 


12 


chamber.  The  inner" gear  is  connected  to  the 
drive  shaft  of  the  source  of  power.     s " 

The  Operation*  of  this  type  internal  gear 
pump  is  illustrated  in  figure*  S-12.  ^o  simplify 
the  explanation,  the  teeth  of  the  inner  gear  and 
the  spaces  between  the  teeth  of  the  outer  gear 
are  numbered  Note  that  the  inner  gear  has  one 
less  *tboth  4han  tfte  Suttfr  gear.  The  tooth  totm 
of  each  gear  is  related  to  that  of  the  other  in 
such  a  way  that  each  tooth  of  the  inner  gear  is 
always  in  sliding  contact  Wiethe  surface  of 
the  outer  gear.  Each  tooth  of  the  inner  gear 
meshes  with  th%  outer  gear  at  just  one  point 
during  each  revolution.  In  the  illustration,  this 
point  is  at  the  top  (X).  In  view  A,  tooth  1  of  the 
inner  gear  is  irtfmesh  with  space  1  of  the  outer 
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Figure  8-9.— Helical  gear  pump. 
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gear.  As  the  gears  continue  to  rotate  in  a 
clockwise  direction  and  the  teeth  approach  point 
(X),  tooth6of  the  inner  gear  will  mesh  with  space 
7  of  the  outer  gear,  tooth  5  with  spa^e  6,  etc^ 
Dunng'this  revolution,  tooth  1  will  mesh  with 
space  2;  and  the  following  revolution, tooth  1  will 
mesh  with  space  3/ As  a  result,  the/outer  gear 
will  rotate  at  just  six-sevenths  thf/speed  of  the 
inner  gear.  For  example,  if  the  inner  gear  rotates 
^t  1,400  rpmr  the  outer  gear  will  rotate  at  1,200 
rpm. 


At  one  sidfr  of  the  point  of  metflCpockets  of 
increasing  size  are  formed  as  the  gears  rotate, 
while  on  the  other  side  the  pockets  decrease  in 
size.  In  figure  8-12,  the  pockets  on  the  right- 
hand  side  of  the  drawings  are  increasing  in  size 
as 'one  moves  down  the  illustration,  while  those 
on  the  left-hand  side  are  decreasing  in  size. 
The  intake  side  of  the  pump  would  therefore  be 
to  the  right  and  the  discharge  to  the  left  In 
figure  87 11,  since  the  right-hand  side  of  the 
drawing  was  turned  over  >£os5hQw'  the  poHs, 
the  intake  and  discharge  appear  reversed. 
Actually,  A  in  one  drawing  covers  A  in  the  other. 
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(p       Figure  8-10.— Off  centered  internal  gear  pump. 
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Figure  8-11.— Centered  internal  gear  pump. 
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Figure  8-12.— Principles  of  operation, 
of  the  internal  gear  pump. 

SCREW/— Another  type  of  rotating  element 
used  in  rotary  pumps  is  the  screw.  The  design 
of  this  element  is  similar  to  that  of  a  worm  gear 


and,  therefore,  is  sometimes  classified  as  a  gear 
type  pump.  The  -sterew  pump 'has  two  or  more 
meshing  screws  \fliich  rotate*  to  develop  ff#ld 
flow.  These  screws  mesh  to  form  a  fluid-tight 
seaLbetween  the  screws  tod  between  the  screws 
and  the  housing. 

Screw  type  pumps  are  available  in  several 
different  designs;  however^  they  all  operate  in 
a  similar  manner.  One  design  of  a  screw  pump 
is  illustrated  in  figure  8-13.  Since  this  pump 
contains  three  screws,  it  is  referred  to  as  a 
triple  screw  pump.  The  screws  revolve  within 
a  close-fitting  housing.  The  power  screw 
(rotor)  in  the  center  is  in  mesh  with  (and 
dfives)  the  two  idling  rotors  (idlers). 
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Figure  8- 13. -Triple  screw  pump. 


The  supply  line  is  connected  to  the  pump 
intake  which,'  in  turn/ opens  into  the  chambers 
at  the  ends  of  the  screw  assembly.  As  the 
screws  turn,  the  fiquid  flows  in  between  the 
threads  at  each  end  of  the  assembly.  "  At  the 
end  of  the  first  -turn,  a  spiral-shaped  quantity 
of  fluid  is  trapped  when  the  ends  of  the  threads 
become  in  mesh  again.     The  threads  carry 
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the  fluid  along  within  the  housing  toward  the 
center  o£  the  pump  .to  the  discharge ,  port 
In  some  screw  pumps]  the  intake  pjprtMs 
located  near  one  end  of  the  pump  and>  the 

.  J  discharge*oea%the  .others  In^the^^pui^p^  the 
screws  are  designed  in  such  a  manner  that 
fluid  enters  one  end  of  t  the  pump,  is  forced 
through  the  pi»P  by  the  screws  to  the  opposite^ 
end,  and  is  discharged  into  the  system. 

LOBE.— The  principle  of  operation  of  the 
lobe  pump  is  exactly  the  same  as  for  the  external 
gear  pump  described  previously.  The  lobes 
are  considerably  larger  than  geaV  teeth,  tmt 
ihere^are  only  tw9  or^three  lobegroneach  rotorv 
A  three-lobe  pump  is  illustrated  in  figure  8-14. 
The  two  elements  are  rotated,  bne  being  directly 
driven  by  the  source  of  power,  and  the  other 
through  timing  gears.   As  "the  elements  rotate, 

-  liquid  is  trapped  between  two  lobes  of  each 
rotor  and  the  walls  of  the  pump  chamber,  and 
carried  around  from  the  intake  side  to  the 
discharge  side  of  the  pump.    As  liquid  leaves 

/  the  intake  chamber,  the  pressure  in  the  intake 

f   chamber  is  >  loured,  and  additional  liquid  is 
forced  into  the  chamber  from  the  source  ^of 
supply.  / 


DISCHARGE 


VANE 


FP.119 


l(  Figure  8-14.-MjObe  pump. 
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Figure  8-15.— Vane  pump 


The  lobes  'are  so  constructed  that  there  is 
a  continuous  seal  at  the  point  of  juncture  at  the 
center  of  the  pump.  The  lobes!  of  the  pump 
illustrated  in  figure  8-14  are  fitted  with  small 
vanes,  at  the  outer  edge  to  improve  the  seal  of 
the  pump.  Although  these  vaneS  are  mechanically 
held  in  their  slots,  they  are,  to  some  extent, 
free  to  move  outward.  Centrifugal  force  keeps 
the  vanes  snug  against- th^  chamber  and  the 
other  rotating  members. 

VANE.— Figure  8-1$  illustrates  a  vane  pump 
of  the  unbalanced  design.  The  rotor  is  attached 
to  the  drive  shaft  and  is  rotated  by  an  outside 


power  source  such  £s  an  electric  motor,  gasoline 
engine,  etc.  The  rotor  is  slotted  and  each  slot 
is  fitted  with  a  rectangular  vane.  These  vanes, 
to  some  extent,  ar6  free  to  move  outward  in 
their'  respective  slots.  The  rotor  and  vanes 
are  enclosed  in  a  housing,  the  inner  surface 
of  which  is  offset  with  the  drive*axis. 

As  the  rotor  turns,  centrifugal  force  keeps 
the  vanes  snug  against  the  wall  of  the  housing. 
The  vanes  divide  the  area  between  the  rotor 
and  housing  into  a  series  of  chambers.  The 
chambers  vary  in  size  according  to  their 
respective  positions  around  the  shaft  The  inlet 
1  port  is  located  in  that  part  of  the  pump  wh£re 
the  chambers  are  expanding  in  size  so  that 
the  partial  vacuum  formed  by  this  expansion 
allows  liquid  to  flow  into  the  pump.  The  liquid 
is  trapped  between  the  vanes  and  is  carried 
to  the  outlet  sid§  of  the  pump.  The  chambers 
contract  in  size  on  the  outlet  side,  and  thte 
action  forces  the  licjuid  through  ti\e  outlet  port 
and  into,  the  system. 

The,  pump  \n  figure  8-15  is  referred  to  as 
unbalanced  because  all  of  the  pumping  action 
take^  place  on  one  side  of  the  shaft  and,  rotor. 
This  'causes  a  side  load  on  the  shaft  and  rotor. 
Some  vine  'pumps  are  constructed  with  an 
eliptical-shaped  housing-Which  forms  two  sepa- 
rate pumping'  areas  on  opposite  sides  of  the 
1  rotor.  This  cancels  out  the  side  loads;  there- 
fore, such  pumps  are  referred  to  as  balanced 
vane. 
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Although  some  rotary  pumps  are  capable 
of  operating  in  high-pressure  systems  (above 
1,500  psi),  their  use  is  usually  limited  to  systems 
which  operate  at  pressures  of  1,500  psi  or 
below.  As  compared  to  other  types  of  hydraulic 
pumps,  rotary  pumps  are  less  expensive,  have 
fewer^movinf  parts;  and  feature  -simplicity  4n 
designs  and  construction* 

The  efficiency  of  rotary  pumps  depends  on  the 
'close  tolerances  between  the  rotating  elements 
and,  in  .most  pumps,  between  the  rotating  element 
and  the  housing  of  the  pump.  This  efficiency  is 
quickly  reduced  by  excessive  wear.  For  this 
reason_dirf  picked  up  by  the  liquid  must  be, 
eliminated  by  suitable  filters. 

Rotary  pumps  are  usually  used  in  hydraulic 
systems  that  do  not  require  the  continuous,  or 
near  continuous,  operation  of  the  pump.  For 
example,  electric-motor-driven  gear  pumps  are 
often  used*to  operate  the  emergency  hydraulic 
systems  in  aircraft  This  provides  an  efficient 
pump  to  supply  fluid  to  the  system  in  case  of 
main  system  failure.  It  is  far  les3  expensive 
than  the  type  punm^gefie rally  used  in  the  main 
system  and,  due  {oits  limited  use,  maintains 
efficiency. 


RECIPROCATING  PUMPS 

The  term  reciprocating  is  defined  as  back- 
and-forav  motion.  In  the  reciprocating  pumR  it 
is  this  back-and-forth  motion  of  pistons  inside 
of  cylinders  which  provides  the  flow  of  fluid. 
Reciprocating  pumps,  like  rotary  pumps,  operate 
on,  the  positive  principle— that  is,  each  stroke 
delivers  a  definite  volume  of  liquid  to  the  system. 

The  master  cylinder  of  the  ^tutomobile brake 
system,  which  is  described  and  illustrated  in 
chapter  4,  is  an  example  of  a  simple  recipro- 
cating pump.  Most  manually  operated  hydraulic 
pumps  are  of  the  reciprocating  type.  Several 
types  of  power  operated  hydraulic  pumps,  such 
as  th^\radial  piston  and  axial  piston,  are  also 
classiftro^  reciprocating  pumps.  These  pumps 
^re  sometimes  classified  as  rotary  pumps, 
because  a  rotary  motion  is  imported  to  the 
pumps  by  the  source  of  power.  However,  the 
actual  pumping  is  performed  by  sets  of  pistons 
reciprocating  inside  sets  of  cylinders.  Some  of. 
these  different  types  of  reciprocating  pumps 
are  discussed  in  the  following  paragraphs. 


Hand  Pumps  * 

There  are  two  types  of  manually  operated 
reciprocating  pumps— the  single-action  anci  the 
double-action.  The  single- action  pump  provi^e^/ 
flow  during  every  other  stroke,  while  the  double- 
action  provides  flow  during  each  stroke.  Single- 
action  pumps  are  frequently  used  in  hydraulic 
jacks.  This  type  pump  is  illustrated  in  figure; 
4-6  in  chapter  4,  •    - 

A  double- action  hand  pump  is  illustrated  in 
figure  8-16.  Thiswtype  pump  is  used  in  some 
aircraft  hydraulic  Systems  as  a  source  of 
hydraulic  power  for^  emergencies,  for  testing 
certain  subsystems  during  preventive  mainte- 
nance inspections,  and  for  determining  the 
causes  of  malfunctions  in  these  subsystems. 
'This  type,  pump  is  also  used  as  a  secondary 
source  of  hydraulic  power  in  hydraulic  test 
benches  to  test  hydraulic  components. 
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Figure  8-16.— Hydraulic  hand  pump. 


This  pump  consists  of  a  cylinder,  a  piston 
containing  a  built-in  check  valve  (A),  a  piston 
rod,  aji  operating  handle,  and  a  check  valve  (B) 
at  the  inlet  port.  When  the  piston  is  moved  to 
the  left,  the  force  of  the  liquid  in  the  outlet 
chamber  and  spring  tension  cause  valve  (A)  to 
close.  This  movement  causes  the  piston  to 
force  the  liquid  in  the  ou^et  chamber  through 
the  outlet  port  (D)  and  into  the  system.  This 
same  moveitfdfcit  of  the  piston  causes  a  low- 
pressure  area  in  the  inlet  chamber.  AtmdspheTic 
pressure  acting  on  the  liguid  in  the  reservoir 
transmits  this  pressure  to  the  liquid  at  the 
inlet  port  (C).  This  differential  of  pressures 
acting  on  the  ball  of  check  valve  (B)  causes  the 
spring  to  compress  and  open  the  check  valve. 
*This  allows  liquid  to  enter  the  inlet  chamber. 

When  the  piston  completes  this  stroke  to  the 
lefL  the  inlet  chamber  is  full  of  liquid.  This 
liquid  eliminates  the  low-pressure  area  in  the 
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inlet  chamber,  thereby  allowing  spring  tension 
to  close  check  valve  (B), 

When  the  piston  is  moved  to  the  right,  the 
force  of  the  confined  liquid  in  the  inlet  chamber 
acts  on  the  ball  of  check  valve  (A).  This 
action  compresses  the  spring  and  opens  check 
valve  (Aft  aul wing  the  liquid  to  flow  from  the  - 
intake  chamwr  to  the  outlet  chamber.  Because 
of  the\area  occupied  by'  the  piston  rod,  the 
outlet'  chamber  cannot  contain  all  the  liquid 
discharged  from  the  inlet  chamber.  Since  the 
liquid  will  not  compress,  the  extra  liquid  is 
.forced  out  of  port  (D)  into  the  system. 


Radial  Piston  Pumps  * 

Figure  8-17  illustrates  the  operation  of  the 
r  radial  pistdft  pump.  The  pump  consists  of  a 
pintle  which  remains  stationary  and  acts  as  a 
valve;  a  cylinder  block  which  revolves  around 
the  pintle  and  contains  the  cylinders  in  which 
the  pistons  operate;  a  rotor  which  houses  the 
reaction  ring  of  hardened  steel  against  which 
the  piston  heads  press;  and  a  slide  block  which 
is  used  to  control  the  length  of  the  piston 
strokes.  Tlje  slide  block  does  not  revolve  but 
houses,  and  supports  the  rotor,  which  does 
revolve  due  to  the  friction  set  up  by  the  sliding 
action  between  the  piston  heads  and  the  reaction 
ring.  The  cylinder  block  is  attached  to  the 
drive  shaft. 

v  Referring  to  view  (A)  of  figure  8-17,  assume 
tha^  space  (X)  in  one  of  the  cylinders  of  the 
cylinder  block  contains  liquid  and  that  the 
respective 'piston  of  this  cylinder  is  at  position 
(1).  When  the  cylinder  block  and  pistorv  are 
rotated  in  a  clockwise  direction,  the  piston 
is  forced  into  its  cylinder  as  it  approaches 
position  (2).  This  action  reduces  the  volumetric 
size  of  the  cylinder  £nd  forces  a  quantity  of 
hquid^  out  of  the  cylinder  and  into  the  outlet 
port  above  the  pintle.  This  pumping  action  is 
due  to  the  fact  that  the  rotor,  in  the  slide 
block,  is  off  centered  in  relation  to  the  cfenter 
of  the  cylinder  block. 

In  figure  8-17  (B);  the  piston  has  reached 
position  (2)  and  has  forced  the  liquid  out  of  the 
open  end  of  the  cylinder  through  the  outlet  above 
the  pintle  and  into  the  system.  Wliile  the  piston^ 
moves  from  position  (2)  to  position  (3),  the 
open  end  of  the  cylinder  passes  over  the  solid 
part  of  the  pintle;  therefore,  thera^Sono^ntaJce 
or  Jdischarge  of  liquid  during  this  time.  As  the 
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Figure«8-17.— Principles  of  operation 
of  the  radial  piston  pump. 
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piston  and  cylinder  move  from  position  (3)  to 
position  (4),  centrifugal  force  causes  the  piston 
to  move  outward  against  the  reaction  ring  of  the 
rotor.  During  this  time  the  open  end  of  the 
cylinder  is  open  to  the  intake  side  of  the  pintle 
and,  therefore,  fills  with  liquid  As  the  piston 
,  moves  from  position  (4)  to  position  (1),  the  open 
end  of  the  cylinder  is  against  the  solid  side  of 
the  pin/tie  and  no  tntake~br  discharge  of  liquid 
takes  place.  After  the  piston  has  passed  the 
pintle  and  starts  toward  position  (2),  another 
discharge  of  liquid  takes  place.  Alternate  intake 
^and  discharge  continues  as  the  rotor  is  revolved 
about  its  axis— intake  on  one  side  of  the  pintle 
and  discharge  on  trie  other,  as  the  piston  slides 
in  and  out. 

Notice  in  views  (A)  and  (B)  of  figure  8-17 
that  the  center  point  of  the  rotor  is  different 
from  the  center  point  of  the  cylinder  block.  It  is 
the  difference  of  these  centers  that  produces  the 
pumping  action*  If  the  rotor  is  moved  so  that  its 
center  point  is  the  same  as  that  of  the  cylinder 
block,  as  shown  in  figure  8-17  (C),  there  is  no 
pumping  action,  since  the  piston  does  not  move 
back  and  forth  in  the  pylinder  as  it  rotates  with 
the  cylinder  block. ' 

The  flow  in  this  pump  can  be  reversed  by 
moving  the  slide  block,  arid  therefore  the  rotor, 
to  the  right  so  that  the  relation  of  the^ognters  of 
the  rotor  and  the  cylinder  block  is  reversedfrom 
th?  position  j3hown  in  views.  (A)_and_(B)  of  figure 
8-1 7.  Figure  8-17  (D)  shows  this  arrangement. 
Liquid  enters  the  cylinder  as  the  piston  travels 
.  from  position  (1)  to  position  (2)  and  is  discharged 
from  the  cylinder  as  the  piston  travels  from 
position  (3)  to  (4). 

In  the  illustrations  the  rotor  is  shown  in 
the  center,  the  extreme  right,  or  the  extreme 
left  in  relation  to  the  cylinder  block.  The  amount 
of  adjustment  in  distance  between  the  two  centers 
determines  the  length  of  the  piston  stroke,  which 
controla^the  amount  of  liquid  flow  in  and  out  of 
the  cyffnder.  Thus,  this  adjustment  determines 
the  displacement  of  the  pump;  that  is,  the  volume 
of  iiquid  the  pump  delivers  per  revolution.  This 
adjustment  may  be  controlled  in  different  wajfe. 
Manual  control  by  means  of  a  handwheel  is  the 
simplest, The  pump  illustrated  in  figure  8-17  is 
controlled  in  this  way.  For  automatic  control  of 
delivery  to  accommodate  varying  vpltime  re- 
quirements during  the  operating  cycle,  a  hy- 
draulically  controlled  cylinder  may  be  used  to 
position  the  slide  block.  Agear-motor  controlled 
by  a  pushbutton  or  limit  switch  is  sometimes 
used  for  this  purpose. 
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A  pump  of  this  type  with  only  one  piston 
would  not'be  practical.  Therefore,  the  radial 
piston  pump  is  designed  wit{i  several  pistons. 
Note  that  the  pump  illustrated  in  figure  8-18  1 
contains  an  odd  number  of  pistons.  All  radial 
plumps  are  designed  with  an  odd  number  of 
pistons— 7,  9,  11,  etc.  This  is  to  insure  that 
no  more  than  one  cylinder  is  completely  blocked 
by  the  pintle  at  any  one  time.  If  there  were  an 
even  number  of  pistons  spaced  evenly  around 
the  cylinder  block  (for  example,  eight),  there 
would  be  occasions  when  two  of  the  cylinders 
would  be  blocked  by  the  pintle,  while  at  other 
times  none  would  be  blocked.  This  would  cause 
three  cylinders  to  discharge  at  one  time  arid 
four  at  one  time,  causing  pulsations  in  flow. 
With  an  odd  number  of  pistons  spaced  evenly 
around  the  cylinder  block,  only  one  cylinder  is 
completely  blocked  by  the  pintle  at  any  one 
time.  This  reduces  pulsations  of  flew. 

Some  of  the  principal  part%flfjthe  radial 
pis  toft  pump  are  described  in  more  detail  in  the 
following  paragraphs.  •* 

PINTLE.— In  figure  8-17  thtfpintle  is  shown, 
for  the  sake  of  simplicity,  as  a  flat  bar  around 
whi^h  the  rotor  turds.  Actually,  the  pintle  is  a 
round  bar  which  serves  as  a  stationary  shaft 
around  which  the  cylinder  block  turns.  The 
pintle  shaft,  a^  shown  ia  figure  8-19,  has  four 
holes  bored  fr€m  one  end  lengthwise  through 
_ part_of  its  length, _  Twohples  seryeas Jthe_ intake _ 
and  the  remaining  two  as  the  discharge.  Two 
slots  are  cut  in  the  side  of  the  shaft  so  that 
each  slot  connects  two  of  the  lengthwise  hfeles. 
The  two  slots  are  in  line  with  the  cylinders 
when  the  cylinder  block  is  assembled  on  thfes 
pintle.  One  of  these  slots  provides  the  path  f  or  > 
the  liquid  to  pass  from  the  cylinders  to  the 
discharge  hole  bores  into  the  pintle.  The* other 
slot  connects  the  two  inlet  holes  to  the  cylinders 
during  the  entrance  of  liquid.  The  discharge 
holes  are  connected  through  appropriate  fittings 
to  a  discharge  line  so  that  the  liquid  can  be 
directed  into  the  system.  The  other  pair  of  . 
holesr  are  connected  to  the  inlet  line, 

CYLINDER  BLOCK. -One  type  of  cylinder 
block'is  illustrated  in  figure  8-20.  This  is  a 
cylindrical-shaped  block  of  metal  with  a  hole 
bored  through  the 'center  t<*.  accommodate  the* 
pintle.  The  cylinder  holes  are  bored  from  the 
outer  edge  of  the  block  to  the  center  Hole  an<}f 
are  spaced  at  equfcl  distances^  around  the  cir- 
cumference of  the  cfcock.  Both  the  cylinder  holes 
re  very  accurately  machined 
irpuna  the  pistons  and  the 


and  the  center  hole; 
so  that  liquid  loss 
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Figure  8-18.— Nine-piston  r^dialpisjon  pump. 


pintle  is  kept  to  a  minimum.  There  ere  several 
different  designs  of  cylinder  blocks.  Some,  like 
the  one  illustrated  in  figure  8r2G,  appear  to  be 
almost  solid,  while  others  have  spokelike  cyl-* 
inders  radiating  out  from  the  center. 

PISTONS,— Like  cylinder  blocks,,  pistons  are 
manufactured  in  different  designs.  Some  of  these 
designs  are  illustrated  in  figure  8-21 ,  View  (A) 
shows  a  piston  with  small  wheels  that  roll  around 
the  inside  surface  of  the  rotor.  View  (B)  shows  a 
piston  in  which  the  conical  edge  of  the  top  bears 
directly  against  the  reaction  .ring  of  the  rotor. 
In  this  particular  design,  while  the  piston  moves 
back  and  forth  in  the  cylinder,  it  will  rotate 
about  its  axis,  so  that  the  top  surface  will  wear 
uniformly.   View  (C)  shows  a  piston  attached  to 


curved  plates.  These  curved  plates,  sometimes 
referred  to*  as  curved  shoes  or  slippers,  bear 
against  and  slide  around  the  inside  surface  of  the 
rotor.  Like  the  cylinder  walls,  the  sides  of  the 
pistons  are  accurately  machined  to  fit  the 
'cylinders,  so  there  is  a  minimum  loss  of  Mquid 
between  the  walls  of  the  cylinders  and  the 
pistons.  No  provision  is  made  for  the  use  of 
piston  rings  to  help  seal  against  leakage, 
ROTOR -Here  again,  the  design  may  be 
different  from  pump  to  pump,  as  shown  in  figure 
8-22,  the  rofor  consists  essentially  of  a  circular 
ring,  machine  finished  on  the  inside,  against 
which  the  pistons  bear.  The  rotor  rotates  within 
the  slide  block  which  can  be  shifted  from  side  to 
side  to* control  the  length  of  the  stroke  of  the 
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Figure  8-19.— Pintle  for  radial  piston  pump. 


J 


Figure  8-20.— Cylinder  block  for 
radial  piston  pump. 


FP.125 


pistons.  The  slide  Wock  has  two  pairs  of 
machined  surfaces  on  the  exterior  so  that  it  can 
slide  in  tracks  in  the  pump  casev  The  sliding 
motion  is  controlled  by,  any  means  covered 
earlier  in  this' chapter. 

These  parts,  together  with  the  drive  shaft, 
constitute  the  main  working  parts  of  the  radial 
piston  pump.  The  drive  shaft  is  connected  to 
the  cylinder  block  and  is  driven  by  an  outside 
force  such  as  an  electric  motor. 

Axial  Piston  Pumps  • 

Axial  piston  pumps  have  the  same  general 
characteristics     as    radial    piston  puntps. 


(a 
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Figure  8-21. -Pistons  for  radial  piston  pump. 
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Figure  8-22.— Rotoxs  for  radial  piston  pump- 

However,  in  the  axial  piston  pump,  the  block 
with  its  pistons  rotate  on  a  shaft  in  such  a  way 
that  the  pistons  reciprocate  in  their  cylinders 
along  lines  parallel  to  the  axis  df  the  shaft 
This  i£  called  axial  motion. 

The  pumping  action  of  this  pump  is  made 
possible  by  a  universal  ftfijit  or  link.  Figure 
8-23  is  a  series  of  drawings  which  illustrates 
how  the  universal  joint  is  used  in  the  operation 
of  the  axial  pistpn  pump. 

First*  "a  rocker  arm  is  installed  on  a  hori- 
zontal shaft.  (See  figt  8-23  (A).)  The  arm  is 
joined  to  the  -shaft  by  a  pin  in  such  a  way  that 
it  can  be  swung  back  and  forth,  as  indicated  in 
view  (B).  Next,  a  ripg  is  placed  around  the  shaft 
and  secured  ,to  the  rocker  arm  sq  that  the  ring 
can  turn  from  left  to  right  as  shown  in  view  (C). 
This  provides  two  rotary  motions  in  different 
planes  at  the  same  time,  and  in  varying  pro- 
portions as  may  be  desired.  The  rocker  arm 
'  can  swing  back  and  forth  in  one  arc,  and  the  ring 
can  simultaneously  move  from  lelt  to  right  in 
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Figure  8-23.— Relationship  of  the  universal 
joint  in  operation  of  the  axial  piston  pump. 


another  arc,  in  a  plane  at  right  angles  to  the* 
plane  in  which  tlje  rocker  arm  turns.  "  . 

Next,  a  tiltm&plate  is  added  to  the  assembly. 
The  tilting  plate  is  placed  at  a  slant  to  the 
axis  of  the  shaft,  as  depicted  in  figure  8-23 
(D).  The  rocker  arm  is  then  planted  at  the  same 
'Angle  as 'the  tilting  plate,  so  that  it  lies  parallel 
to  the  tilting  plate.  The  ring  is  also  parallel 
?o,  and  in  contact  with,  the  tilting  plate.  Thf 
position  of  the  ring  in  relation  to  the  rocker  arm 
is  unchanged  from  that  shown ^rf  figure 8-23  (C). 


Figure  8-23  (E)  shows -the  assembly  after 
the  shaft^  still  in  a  horizontal  position,  has  been 
rotated  a  quarter  turn.  The  rocker  arm  is  still 
to  the  same  position  as  the  tilting  plate,  arid  is 
now  perpendicular  to  the  axis  of  the  shaft  The 
'^ring  has  turned  *on*  the  rocker  pins,  so  that  it 
has  changed  its  position  ir^ relation  to  the  rocker 
arm,  but  it  remains  parallel  to,  and  in  contact 
with,  the  tilting , plate. 

'  View  (F)  of 'figure  8-23  shows  the- assembly 
aftei*  the  shaft  has  been  rotated  another  quarter 
turn. .  The  parts  are  now  in  the  same  position 
as  shown  in  view  (D),  but  with  the  ends  of  the 
rocker  .arm  rjeyexs.ecL  The  ring  stilL  bears 
against  the  tilting.plate. 

»Xs  the  shaft  continues  to  rotate,  the  rocker 
arm  and  the  ring  turn  about  their  pivots,  with 
each  changing  its  relation  to  the  other,  and  with 
the  ring  always  bearing  on  the  plate. 

Figure  8-23  (G)  shows  a' wheel  added  to  the 
assembly. (  The  wheel  is  placed  upright  and 
fixed  to  the  shaft,  so  that  ijf  rotates  with  the 
shaft  In  addition,  two  rods,  (A)  an2^  (B),  are 
loosely  connected  to  the  tilting  ring,  and  extend 
through  two  holes  standing  opposite  each  other 
in  the  fixed  wheel.  As  the  shaft  is  rotated,  the 
fixed  wheel  turns  perpendicular  to  the  shaft  at 
•  all  times.  The  tilting  ring  rotates  with  the  shaft 
and  always  remains  tilted,  since  it  remains  in' 
contact  with  the  tilting  plate.  Referring  to  view 
(G),  the  distance  along  rod  (A),  -from  the  tilting* 
ring  to  the  fixed  wheel,  is  greater  than  the 
distance  along  rod  (B).  As  the  assembly  is 
rotated,  however,  the  distance  along  rod  (A) 
decreases  as  its  point  .-of  ^ttashmeQt  to'  the 
tilting  ring  moves  closer  to the  fixed  wheel, 
while  the  distance  along  rod  (B)  increases. 
These  ^changes  continue  until  after  a  half  revo- 
lution, at  which  time  the  initial  positions  of  the 
rods  have  been  reversed  After  another  half 
revolution,  the  two  rods  will  again  be  in  their 
original  positions. 

As  the  assembly-rotates,  the  rods  are  moved 
in  and  out  through  the  holes  in  the  fixed  wheel. 
This  is  the  way  that  the  axial  piston  pump- 
works;  To  get  a  pumping  action,  it  is  only 
necessary  to  place  pistons  at  the  ends  of  the 
rods,  beyond  the  fixed  wheel,  and  insert  them 
in  cylinders.  The  rods  must  be  connected  to 
the  pistons  and  to  the  wheel  by  ball  and  socket 
joints.  As  the  assembly  rotates,  each  piston 
moves  back  and  forth  in  its  cylinder.  Intake 
and  discharge  lines  can  be  arranged  so  that 
liquid  enters  the  cylinders  while  the  spaces 
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between  the  piston  heads  ancTtKe  bases  of.  the 
cylinders  are  increasing,  and  leaves  the  cyl- 
inders dUHng  the  other  half  of  each  revolution 
when  .-the  pistons  are  moving  in  the  opposite 
direction. 

These  operating  principles  are  illustrated 
in  the  different  views  of  the  axial  piston  pijmp 
shown  in  figures  8-24  and  8-25.  This  type  pump 
consists  of  a  circular  cylinder^with  either  7  or 
9  equally  spaced  pistons. 

The  main  parts  of  the  pAnp  are  the  drive 
shaft,  pistons,  cylinder  'block,  and  valve  plate. 
There  are  two  ports  in  the  valve  plate.  These 
ports  connect  directly  to  openings  in  the  face  of 
the  cylinder  block.  Liquid  is  forced  in  one 
poit  by  atmospheric  pressure  and  forced  out 
the  other  port  by  the  reciprocating  action  of  the 
pistons. 

There  is  a  fill  port  in  the  top  of  the  cylinder 
housing.  This  opening  is  normally  kept  plugged, 
but  it  can  be  opened  for  testing  the  pressure  in 
the  housing  or  case,  When  installing  a  new 
pump  or  a  newly  repaired  one,  this  plug  must 
be  removed  and  the  housing  filled  with  the 
recommended  liquid  before  the  pump  is  operated 
There  is  a  drain  port  in  the  mounting  flange 
to  drain  away  any  leakage  from  the  drive  shaft 
oil  seal. 

When  the  drive  shaft  is  rotated,  it  rotates? 
the  "pistons  and  cylinder  block  witlr  it.  The 
offset  position  of  the  cylinder  block  causes  the 
pistons  to  move  back  and  forth  in  the  cylinder 
block  while  the  shaft,  pistons,  and  cylinder  block 
rotate  together.  As  the  pistons  reciprocate 
in  the  cylinder  block,  liquid  enters  one  port 
and  is  forced  out  the  other. 

In*  figure  8-25,  piston  (A)  is  shown  at  the 
"bottom  of  the  stroke.  When  piston  (A)  has 
rotated  to  the  position  held  by  piston  (B),  it 
will  have  moved  upward  in  its  cylinder,  forcing 
liquid  through  the  outlet  port  during  the  entire 
distance.  During  the  remainder  kof  the  rotation 
back  to  its  original  position,  the  piston  travels 
downward  in  the  cylinder.  This  action  creates 
a  low-pressure  area  in  the  cylii\der;  therefore, 
atmospheric  pressure  forces  liquid  through  the 
inlet  port  into  the  cylinder.  Since  each  one  of 
the  pistons  performs  the  same  operation  in 
succession,  liquid  is  constantly  being  taken  into 
the  cylinder  bores  through  the  inlet  port  and 
discharged  -^rom  the  cylinder  bores  into  the 
system.  This  action  provides  a  steady,  non- 
pitting flow  of  liquid. 


As  shown  in  figure  8-23  (G),  the  distance 
the  pistons  move  back  andforth  in  their  cylinders 
depends  on  the  tilt  or  angle  of  the  tilting  plate. 
In  th^pump  illustrated  in  figures  8-24and8-25. 
this  tilt  or  angle  is  fixed  by  the  shape  of  the 
housing  and  therefore  is  referred  to  as  a  fixed 
displacement  or  constant  displacement  pump. 
Pump  output  is  determined  by  the  angle  and, 
since  this  angle  is  fixed,  can  be  changed  only 
by  varying  the  pump  speed. 

With  no  tilt  at  all,  no  pumping  action  would 
occur  since  the  piston  would  not  move  back  and 
forth.  The  distances  (A)  and  (B)  in  figure 
8-23  (G)  would  be  equal,  and  would  remain  equal 
as  the  assembly  rotates.  If  the  angle  of  tilt 
given  to  the  tilting  plate  were  reversed,  making 
distance  (A)  less  than  distance  (B),  the  pumping 
action  would  be  reversed.  What  had  been  the 
discharge  would  now  become  the  intake  and 
'  vice  versa.  By  adding  a  mechanism  to  control 
the  angle  of  the  tilting  plate,  any  variation  of 
delivery  can  be  obtained,  from  a  maximum  flow 
in  one  direction  through  zero  (no  ftow)  to 
maximum  flow  in  the  opposite  direction,  although 
the  drive  shaft  continues  to  rotate  at  a  constant 
speed.  Axial  piston  pumps  designed  with  such 
a  controlling  device  are  referred  to  variable 
delivery  or  variable  displacement  pumps,  de- 
fined previously  in  this  chapter. 

A  variable  displacement  pump  is  shown  in 
figure  8-26.  This  type  pump  contains  either 
seven  or  nine  single-acting  pistons.  The  pistons 
reciprocate  within  cylinder  bores  which  are 
evenly  spaced  around 'a  cylinder  barrel.  (Note 
that  the  term  barrel,  as  used  in  this  discussion, 
actually  refers  to  a  cylinder  block  which  con- 
tains cylinders.)  The  piston  rods  are  attached 
to  a  socket  ring  by  means  of  ball-and-socket 
connections.  The  socket  ring  rides  on  a  thrust 
bearing  carried  by  a  casting— the  tilting  box 
or  plate. 

When  the  tilting  plate  is  at  ^nght  angles  to 
the  shaft,  and  the  pump  is  rotating,  the  pistons 
do  not  reciprocate;  therefore,  no  punning  action 
takes  place.  When  the  tilting  box  is  tilted*  away 
from  a  right  angle,  the  pistons  reciprocate  and 
liquid  is  gumped. 

,  Since  the  displacement  of  this  type  pump  is 
varied  by  changing  the  angle  of  the  tilting  box, 
some  means  must  be  used  to  control  the  phanges 
of,  this  angle.  Various  methods  are  used  to 
^control  this  movement— manual,  electric,  pneu- 
matic; or  hydraulic.  The  operation  of  ahydrau- 
lically  controlled  variable  displacement  pump  is 
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Figure  8-24.— Partial  cutaway  view  of  axial  piston  pump. 


pump  described  previously,  the  Stratopower 
pump  is  available  in  either  the  fixed  displacement 
or  the  variable  displacement  type.  The  pump 
shown  in  figure  8-27  is  the  fixed  displacement 

type-  ^ 

Two  major  functions  apPfjerformed  by  the 
internal  parts  of  the  fixeffdisplacement  Strato- 
power pump.  These  functions  are  mechanical 
drive  andfluid  displacement 

The  mechanical  drive  mechanism  is.shown  in 
figure  8-28.  Piston  motion  is  caused  by  the 
drive  cani'displacing  each  piston  the  full  height 
of  the  drive  cam  each  revolution  of  Uie  shaft. 
By  couplings  the  ring  of  pistons  with  a  nutating 
(wobble)  plate  supported  by  a  fixed  center' 
pivot,  the  pistons  are  held  in  constant  contact 
with  the  cam  face.  As  the  driye  cam  depresses 
one  Side  of  the  nutating  plate  (as  pistons  are  . 
advanced),  the  other  side  of  the  nutating  plate 
is  withdrawn  an  equal  amount,  moving  the 
pistons  with  it  The  two  creep  plates  are  pro- 
vided to  decrease  wear  on  the  revolving  cam. 

A  schematic  diagram  oi  the  displacement  of  . 
fluid  is  shown  in  figure  8-29i  Fluid  is  displaced 
by  axial  motion  of  the  pistons.  As  each  piston 
advances  in  its  respective  cylinder  block  bore, 
pressure  opens  the  check  and  a  quantity  of  fluid 
is  forced  past.  Combined  back  pressure  and 
/check  spring  tension  closes  the  check  when  the 
piston  advances  to  its  foremost  position.  The 
low-pressure  area  occurring  in  the  cylinder 
during^  the  piston  return  "^ows  atmospheric 
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Figure  8-25.— Schematic  diagram  of 
j  axial  piston  pump.  ^ 

described  in  the  hydraulic  power  drive  system 
in  chapter  13. 

Another  type  of  axial  piston  pump  is  illus- 
trated in  figure  8-27,  This  type  pump  is 
sometimes  referred  to  as  an  inline  pump; 
however,  it  is  most  commonly  referred  to  as 
a  Stratopower  pump.  _Like  the  axial  piston 
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Figure  8-26.—  Variable  displacement  axial  piston  pump. 
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Figure  8-28.rMechanieal  drive— 
Stratopower  pump. 


pressure  to  force  fluid-  to  flow  from  the  intake 
loading  groove  into  the  cylinder. 

A  fluid  flow  diagram  of  the  fixed  displacement 
Stratopower  jpump  is  illustrated  in  figure  8-30. 
Fluid  enters  the  intake  port  and  is  discharged 
through  thfe  outlet  port, by  the  reciprocating 
action  of  the  pistons.  .Fluid  is  circulated  through 
the  back  of  the  pump  for  cooling  and  lubricating 
purposes  by  the  centrifugal  action  of  the  drive 
dam.  - 

The  internal  features  *of  the  variable  dis- 
placement. Stratopower  pump  are  illustrated  in 
figure  8-31.  Thi3  pump  operat4p  similar  to 
the.  fixed  displacement  Stratopower  pump;  how- 
ever, this  pump  provides  the  additional  function 
of  automatically  "varying  the,  volume  output 
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Figure  8-29.-Fluld  displacement— 
Stratopower  pump. 


This  function  is  controlled  by  the  pressure  in  the 
hydraulic  system*  For  example,  assume  that  a 
pump' of  this  type,  rated  at 3,000  pal,  is  providing 
ttow  to  a  3,000  pat  system.  Wheii  system  pres- 
sure reaches  3,000  pst  and  there  is  no  demand 
on  the  system,  the  jump  unloads  (delivers  no 
flow  to  the  system).  Thepressure  regulation  and 
flow  is  accomplished  by  an  Internal  bypass  which 
automatically  adjusts  delivery  ,  of  fluid  to  the 
demands  of  the  system. 

Flow  cutoff  actually  begins  before  the  fluid 
reaches  system  pressure.  For  example,  in  a 
3,000  psl  system,  flow  cutoff  begins  at  approxi- 
mately 2,850  psl  and  reaches  zero  flow  (unloads) 
at  3,000  psl.  When  the  pumj/ls  operating  In  the 
unload  condition,  the  bypass  system  provides 
circulation  of  fluid  Internally  for  cooling  and 
lubrication  of  the  pump/ 

/our  major  functions  are  performed  by  the 
infernal  'parts  of  the  variaBle  displacement 
Stratopofcer  pump.  •  These  functions  are  me- 
chanical drive,  fluid  displacement,  pressure 
control,  ancrbypass./  Two  of  these  functions— 
^mechanical  drive  and  fluid  displacement— are  ' 
identical  to  those  performed  by  the  fixed  dis- 
placement Stratopower  pump. 

A  schematic  diagram  of  the  pressure  control 
mechanism  Is  shown  In  figure  8-32.  Pressure  . 
is  bled  through  the  control  orifice  Into  the  : 
pressure  compensator  cylinder  Where  It  moves' 
the  £ompensato|£>lston  against  the  force  of  the 
calibrated  contM  (compensator)  spring.  This 

142 


motion,  transmitted  by.  a  direct  mechanical 
linkage,  moves  sleevesvudaUv  on  fixe  pistons, 
thereby  varying  the  time  wring  which  the 
relief  holes  are  covered  during  each. stroke. 

Fluid  flows  through  the  hollow  pistons  during 
the  forward  stroke,  and  escapes  out  the  relief 
holes  until  they  are  covered  by  the  piston 
sreeves7  The  effective  plstoiFatroke  (delivery) 
is  controlled  by  the  piston  sleeve,  position. 
During  noaflow  requirements,  only  enough  fluid 
Is  pumped  to  maintain  pressure  against  leakage. 

During  normal  pump  operation,  three  con- 
ditions may  exist-full  flow,  partial  flow,  and 
zero  or  no  fWf.  During  full  "flow  operation 
(fig.  8-33),  fluid  enters  the  Intake  port  and  Is 
discharged  to  the  system  past  the  pump  checks 
by  the  reciprocating  action  of  the  pistons. 
Piston  sleeves  cover  the  relief  holes  for  the 
entire  discharge  stroke.. 

During  partial  flow,  system  pressure  Is 
sufficient  (as  bled  through  the  orifice)  to  move 
the-  compensator  stem  against  the  compensator 
spring  force. 

If  system  pressure  continues  to  bulTd  up, 
as  under  npnflow  conditions,  the  stem  will  be 
moved  further  until  the  relief  holes  are  un- 
covered for  practically  ,the  entire  piston  stroke. 
The  relief  holes  will  be  covered  only  for  that 
portion  of  the  stroke  necessary  to  maintain 
system  pressure  against  leakage  and  to  produce 
adequate  bypass  flow.  \ 

The  bypass  system  Is  provided  to  supplyy 
self-lubrication,  particularly  when  the  pump  Is 
la  nonflow  operation.  The  ring  of  bypass  holes 
In  the  pistons  are  aligned  with  the  bypass  passage 
each  time  a  piston  reaches  the  very  exyfirtt  Its 
forward  travel;  This  pumps  a  smaU/quanttty 
of  fluid  out  of  the  bypass  passage  back  to  the 
supply  reservoir  and  provides  a  constant  chang- 
ing of  fluid  In  the  pump.  The  bypass  is  designed 
to  pump  against  a  considerable  back  pressure 
for  use  with  pressurized  reservoirs. 


AIR  COMPRESSORS 

As  previously  mentioned,  compresaq^sju/i 
used  In  pneumatic  systems  for  requirements 
similar  to  those  required  of  pumps  In  hydraulic, 
systems.  However,  since  gases  are  highly^ 
compressible,  the  gas  must  be  compressedrin 
advance,  stored  in  containers,  ahd  then  released 
In  sufficient  volume  and  at  regulated  pressures, 
from  the  container  Into  the  pneumatic  system. 
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Figure  8-30.— Fluid  flow— Stratopower  pump  (fixed  displacement). 
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There  are  two  major  types  of  compressors— 
the  stationary  unit  and  the  portal^^/unit  The 
stationary  unit  consists  of  the  compressor, 
receiver,  power  source,  and  controls.  The  gas 
is  compressed  and  then  stored  in  the  receiver 
where  it  yis  piped  to  the  different  work  areas. 
Facilities  are  also  provided  for  charging 
(filling)  bottles  and  cylinders.  The  bottles  and 
cylinders  are  then  connected  to  the.  pneumatic 
system  and  the  cbmpressed  gas  released  ifito 
the  system  as  required  The  portable  unit  is 
similar  to  the  stationary  unit,  except  that  it  is 
smaller  in  design  and  is  mounted  on  wheels 
so  that  it  can  be  easily  moved  to  the  different 
work  areas.  The  operation  of  air  compressors 
is  covered  in  the  following  paragraphs.  Aip' 
receivers  ire  discussed  in  detail  in  chapter  7/ 


COMPRESSOR  CLASSIFICATION 


Air  compressors  are  classified  in  several 
ways,  A  compressor  may  be  single-acting 
or  double-acting,  single-stage  *  or  multistage, 
and  horizontal,  angle,  or  vertical,  as  Shown  in 
figure  8-34.  A  compressor  may.be  designed 
so  that  only  one  stage  of  compression  takes 
place  within  one  compressing  element,  or  so 
that  more  than  one  stage  takes  place  within 
one  compressing ySlement.  Ingeneral,  compres- 
sors are  classified  according  to  the  type  of 
compressing  *  element,  the  source  of  driving 
power,  the  method  by  which  the  driving  unit 
is  connected  to  the  compressor,  and  the  pres- 
sure .developed.  ^ 
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Figure  8-31. -Internal  features  of  Stratopower  variable  displacement  pump. 
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Figure  8r32. —Pressure  control  mechanism— 
Stratopower  variable  displacement  pupp. 


•  Types  of  Compressing  Elements 

Air  compressor  elements  may  be  of  the 
centrifugal,  rotary,  or.  reciprocating  types. 
Most  of  the  compressors  used  in  the  Nayy 
have  reciprocating  elenmnts.  (See  fig.  8-3o.) 
In  this  type  compressor  the  air  is  compressed 
in  one  or  more  cylinders  very  much  like  the 
compression  which  takes  place  in  an  internal 
combustion  engine. 


intern; 


Sources  <k  Power 


Compressors  are  .driven  by  electric  motors, 
internal  combustion  engines,  turbines,  recipro- 
cating steam  engihes,  or  hydraulic  motors. 
Most  of  the  air  compressors  in  the  naval 
7  service  are  driven  by  electric  motors. 
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Figure  8-33.— Fluid  flow—Stratopbwer  variable  displacement  pump. 
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Drive  Connections 

The  driving  unit  may  be  connected  to  the 
compressor  by  one  of  several  methods.  When 
the  compressor  and  the  driving  unit  are  mouAted 
on  th^  same  shaft,  they  are  Qlose  coupled 
Close  coupling  is  often  used  for  small  capacity 
compressors  that  are  driven  by  electric  motors. 


Flexible  couplings  are  used  to  join  the  driving 
unit  to  the  compressor  where  the  speed  of  the 
compressor  and  the  speed  of  the  driving  unit 
can  be  the  same. 

V-belt  drives  are,  commonly  used  with  small, 
low-pressure,  motor-driven  compressors,  and 
some  medium-pressure  compressors.  In  same 
installations,  a  jrigid  coupling  is  used  between 
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Figure  8-35.— A  simple  two-stage  reciprocating  low-pressure  air  compressor. 
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the  compressor  and  the  motor.  When  using 
steam  turbine  drives,  compressors  are  usually 
*  driven,  through  reduction  gears. 


Pressure  Classifications 

Compressors  are  classified  as  low-pres- 
sure, medium -pressure,  or  high-pressure, 
^ow-pressure  compressors  are  those  which 
provide  a  discharge  pressure  of  150  ps^i  or 
less.  Medium-pressure-  compressors  are  those 
which  provide  a  discharge  pressure  of  151 
psi  to  1,000  p£i.  Compressors  which  provide 
a  discharge  pressyre  above  1,000  psi  are  clas- 
sified as  high-pressure. 

Most  low-pressure  air  compressors  are 
of  the  two-stage  type  with  either  a  vertical 
V  (fig?  8-35)  or  a  vertical  W  arrangement  of 
cylinders.  Two-stage,  V-type,  low-pressure 
compressors  usually  have  one  cylinder  that 
provides  the  first  (low-pressure)  stage  of  com- 
pression, and  one  cylinder  that  provides. ttfe 
second  (high-pressure)  stage.  'W-type  com- 
pressors have  two  cylinders  for  the  first  stage 
of  compression  and  one  cylinder  for  the  second 
stage.  This  arrangement  is  shown  in  figure 
8-36  (A). 

Compressors  may  be  classified  according 
to  a  number  of  other  design  featjjres  or  op- 
erating characteristics. 

Medium-pressure  air  compressors  are  of 
the  tworstage,  vertical,  duplex,  single-acting 
type.  Many  medium-pressure  compressors 
have  differential  pistons.  This  type^of  piston 
provides  more  than  one  stage  of  compression 
on  each  piston.  (See  fig.  8-36.) 

Modern  air  "compressors  are  generally 
'motor-driven  (direct  or  geared),  liquid  or  air 
cooled,  fo'ur-stage,  single-acting  units  with 
vertical  or  horizontal  cylinder  , arrangement 
Cylinder  arrangements  for.  high-pressure  air* 
compressors  utilized  in  the  naval  service  are 
illustrated  in  figure  8-36  (B).  Small  capacity 
high-pressure  air  systems  may  have  .three- 
stage  compressors.  High  capacity  air  systems 
may  be  equipped  with*  five-  or  six-stage 
compressors.  v 


RECIPROCATING  AIR  COMPRESSORS 

An  air  compressor  assembly  includes  all 
the  associated  equipment requiredfor delivering 
filtered,  oil  and  moisture  free  compressed  air 


as  required  for  the  operation  of  various  qhits. 
The  complete  unit  normally  includes  the  com- 
pressor, filter  and  moisture  separator  assem- 
bly, an  adjustable  relief  valve  assembly,  a 
control  system,  and  an  air  receiver  with  a 
pressure  gage.  (See  figure  8-37.) 

Most  reciprocating  compressors  are  sim- 
ilar in  design  and  operation.  The  following 
discGssion  relates  to  the  radial,  three-stage, 
piston  type,   high-pressure  air  compressor. 


Principles  of  Operation 

This  air  compressor  consists  of  three  pis- 
ton type  air  pumps  connected  in  series.  There- 
fore, the  process  ot  compressing  ambient-  air 
(see  glossary)  to  a  relatively  •  high  pressure 
is  accomplished  in  three  stages.  Each  com- 
pressor stage  consists  of  a  cylinder,  a  re- 
ciprocating piston,  an  intake  valve  mechanism, 
and  an  exhaust  valve  mechanism.  The  recip- 
rocating pistons  are  connected  to,  and  actu- 
ated by,  a  master  rod  assembly  attached  to 
a  shaft  that  is,  coupled  to  the  power  source  by 
a  flexible  coupling. 

The  intake*  and  exhaust  valves  are  usually 
hardened  steel  discs,  carefully  ground  and 
'lappfd  to  seat  snugly  against  a  shoulder  at  the 
end  of  the  cylinder  bore  (chamber).  The  valves 
are  held  against  the  valve  seat  by -a  tempered 
steel  spring.  As  the  piston  travels  downward, 
the  cylinder  bore  forward  of  the  piston  is  at 
reduced  pressure  and  the  intake  valve  lifts 
from  its  seat  and  allows  "air  to  enter  the  Cyl- 
inder. As  the  piston  travels  upward,  the  in- 
take valve  closes  "and  the  air  is  compressed 
until  the  pressure  overcomes  the  resistance 
of  the  exhaust  valve  spring.  The  exhaust  valye  , 
is  then  lifted  from  its  seat  and  the  compressed 
air  in  the  cylinder  escapes  through  the  outlet 
Sitting  into  the  interstage  tubing. 

To^  compensate  for  the  volumetric  decrease 
of  the  air  as  it  is  compressed,  the  cylinder 
bores  and  piston  displacement  of  the  three 
stages  are  progressively  decreased.  The  first- 
stage  cylinder  is  the  largest  and,  therefore, 
receives  a  relatively  large  volume  of  ambient, 
air  and  compresses  it  into  a- smaller  volume 
for  delivery  to  the 'medium  size  second-stage 
cylinder.  Here,  the  compression  cycle  is  re- 
peated. The  supercharged  inlef  air  is  further 
compressed  to  a  higher  pressure  and  applied 
to  the  third-stage  cylinder.  Here,  the  com- 
pression  cycle    is  completed  aa  the  air  is 
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Figure  8-36.- Air  compressor  cylinder  arraggement  (A)  Low-  and  medium- 
pressure  cylinders;  (B)  high-pressure  .cylinders. 
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compressed  to  its  ultimate  delivery  pressure. 
(This  is  an  application  of  Boyle1  s  law  dis- 
cussed in  chapter  2.) 

NOTE:  These  cycles  compare  with  the  num- 
ber of  stages  of  a  particular  compressor.  For 
example,  a  six-stage  compressor  has  six  such 
stages. 


Compressor  Lubrication 

>  Unlike  hydraulic  pumps,  which  are  lubricated 
by  the  liquid  of  the  system  passing  around  the 
moving  parts,  the  pneumatic  compressor  re- 
quires a  lubrication  system  for  its  moving 
parts. 

Most  low-pressure  and,  medium-pressure 
compressors  are  lubricated  by  a  simple  but 
effective  combination  of  pressure,  splash,  and. 
mist  principles.  Normally,   the  compressor 


base  is  used  as  the  oil  sump  and  oil  pump  ^ 
housing.  The  oil  level  can*be  measured  by  a 
dip  stick,  or,  in  some  compressors,  by  an  oil 
level  sight  gage*  that  is  mounted  on  the  out- " 
side  of  the  base, 

During  compressor  operation,  'sump  oil  en'- 
ters  the  pump  cylinders  .through  ports  in  the 
cylinder  walls  on  the  up  stroke  of  the  piston. 
On  the  down  stroke,  the  piston  descends  past 
the  ports,  preventing  the  escape  of  oil.  The 
oil  trapped  in-  the  cylinder  is  forced  through 
a  spray  tube  and  is  directed  against  the  rapidly 
moving  master  rod.  The  impact  forms  a  fine 
mist  of  oil  which  fills  the  interior  of  the  crank-  ■ ' 
case  and  provides  lubrication  of  the  master 
rod,  bearings,  pistons,  connecting  links,  and 
other  'internal  parts.  Internal  lubrication  of 
the  cylinders  and  valve  mechanisms  is  aided 
by  the  small  quantity  of  vapor  drawji  into  the 
first- stage  cylinder  from  the  crankcase  and  < 
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passed  on  to  the  second  and  third  stages  through 
the  Interstage  connecting  tubes. 

Lubrication  of  high-pressure  air  compres- 
sor cylinders  is  generally  accomplished  by 
means  of  an  adjustable  mechanical  force-feed 
lubricator,  which  is  driven  £rom  a  recipro- 
cating or  a  rotary  part  of  the  compressor.  Oil 
is  fed  from  the  cylinder  lubricator,  by  sep- 
arate feed  lines,  to  each  cylinder.  A  check 
valve  is  installed  at  the  end  of  each  feed  line 
to  keep  the  compressed  air  from  forcing'  the 
oil  back  into  the  lubricator.  Lubrication  begins 
automatically  as  the  compressor  starts  up. 
The  amount  of  oil  that  'must  be  fed  to  the  cyl- 
inder depends  upon  the  cylinder  diameter,  the  . 
cylinder  wall  temperature,  and  the  viscosity 
of  the  oil, 

Lubrication  of  the  other  internal  parts  of 
most  modern  high-pressure  compressors,  and 
some  medium-  and  low-pressure  compressors, 
is  accomplished  by  an  oil  pump.  The  pump  > 
(usually .  of  the  gear  type)  is  attached  to  the 
compressor  and  is  driven  by  the  compressor 
shaft  The  pump  is  supplied  with  oil  from  the 
compressor  reservoir  (crankcase)  and  delivers 
it,  ..through  a  filter,  to  an  oil  cooler.  From 
the  cooler,  the  oil  is  distributed  to  the  top  of' 
each  main  bearing,  to  spray  nozzles  for  re- 
duction .gears,  and  to  outboard  bearings.  The 
crankshaft  is  drilled  so  that  oil  fed  to  the  main 
bearings  is  picked  up  by  the  main  bearing 
journals  and  carried  to  the  crank  journals. 
The  connecting  rods  contain  passages  which 
conduct  lubricating  oil  frohi  the  crank  bear- 
ings up  to  the  wrist  pin  bushings.  As  oil  leaks 
out  from  the  various  bearings,  it  drips  back 
to  the  oil  sump  (in  the  base  of  the  compressor) 


f 


and  is  recirculated.  Oil  from  the  outboard 
bearings  is  carried  bajck  to  the  sump  by  drain 
lines. 

The  discharge  pressure  of  lubrication  oil 
pumps  varies  with  different  pump  designs.  A 
relief  valve,  fitted  to  each  pump,  functions 
when  the  discharge  pressure  exceeds  the  pres- 
sure for  which  the  valve  is  set  When  the  re- 
lief* valve  lifts,  excess  oil  is  returned  to  the 
sump. 


Cooling 

In  some  low-pressure  air  compressors,  the 
heat,  which*normally  results  from  rapid  com- 
pression of  a  gas,  is  dissipated  before  the 
temperature  attains  a  troublesome  level.  This 
is  accomplished  by  using  aluminum  cylinders 
with  integral  cooling  fins  and  a  fan  which  blows 
cooling  air  past  the  cylinders  and  interstage 
tubing.  This  type  of  cooling  is  sufficient  for 
most  low-pressure  air  compressors  when  op- 
erated in  well-ventilated  spaces. 

Most  high-pressure  vand  medium-pressure 
compressors  aboard  ship  are  cooled  by  sea 
water  supplied  from  the  ship's  fire,  flushing, 
or  water  service  mains.  The  cooling  water 
is  generally  available  to  each  unit  through  at 
least  two  sources.  Compressors  located  out- 
side the  large  machinery  spaces  are  generally 
equipped  with  an  attached  circulating  water 
pump  as  a  standby  source  of  cooling  water. 

The  cooling  water  is  circulated  through 
the  compressor  in  much  the  same  manner  as, 
an  automobile  engine.  The  path  of  water  in  the 
cooling  water  system  of  a  typical  four- stage 
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Figure  8-38.-Cooling  water  system  in  a  typical  multistage  air  compressor. 


compressor  is  illustrated  in  figure  8-38.  Not  • 
all  systems  have  identical  paths  of  water  now; 
however,  in  systems  equipped  with  oil  coorersp 
it  is  important  that  the  coldest  water  is  avail- 
able for  the  cooler.  Valves  are  usually  pro- 
vided so  that  the  water  to  the  cooler  can  be 
controlled  independently  of  the  rest  of  the  sys* 
tem.  Thus,  oil  temperature  may  be  controlled 
without  harmfully  affecting  other  parts  of  the  , 
compressor. 

Next,  in  importance  are  the  intercoolers 
and  after  coolers  (discussed  later),  then  the 
cylinder  jackets  and  heads.  High-pressure  air 
compressors  require  from  6  to  25  gallons  of 
cooling  water  per  minute,  while  medium-pres- 
sure compressors  require  from  10  to  20  gal- 
lons per  minute. 

i 

When  sea  water  is  used  as  the  cooling  agent, 
all  parts*  of  the  circulating  system  must  be 
of  corrosion- resisting  materials.  The  cylin- 
ders and 'heads  are  therefore  'composed  of 
gun  metal  "oc  valve' bronze  composition,  with 
water  jackets  cast  integral  with  the  cylinders. 


Each  cylinder  is  fitted  with  a  liner  of  special 
cast  iron  or*  steel  to  withstand  the  wear  of  the 
'piston.  JHhenever   practicable,    the  cylinder 
jackets  are  fitted  with  handholes  and  covers 
so  that  water  spaces  may  be  inspected  and  ' 
cleaned.  Jumper  lines  are  'generally  used  to 
make  water  connections  between  the  cylinders 
and  .heads,  since  these  prevent  any  possibility 
of  leakage  into  the  compression  spaces.  In  < 
some  compressors,  however,  the  water  passes 
directly  through  the  joint  between  the  cyl- 
inder and  the  head.  With  this  latter  type,  ex- 
treme cdre  must  be*  taken  to  insure  that  the  . 
joint  is  'properly  sealed  to  prevent  leakage  •» 
which,  if  allowed  to  continue,  would  ruin  both 
the  cylinder  liner  and  the  piston.  > 

The  intercoolers  and  aftercoolers  reme^e 
the  heat  generated  during  compression  and 
cause  the  condensation  of  any  vapor  that  might 
be  present  It  is  important  that  this  conden- 
sation be  drained  at  regular  intervals  to  pre- 
vent carryover  into  the  next  stage,  accumu- 
lation at  low  points,  water  hammer,  freezing 
or   bursting   of  pipes  in  exposed  locations, 
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faulty  operation  of  pneumatic  systems  and  com- 
ponents, and  possibly  damage  to  electrical  ap- 
paratus where  air  is  used  for  cleaning.  The 
removal  of  heat  is  also  required  for  economical 
compression.  During  compression  the  temper-* 
ature  of  the  air  is  increased,  thus  causing  the 
air  to  expand  to  a  larger  volume  which^  in  turn, 
requires  a  corresponding  increase  of  work  tj 
compress  iU  (The  effect  of  chaxfges  in  tem- 
perature on  compressed  gas  is  discussed  in 
chapter  2.)  ^MulUstaging  and  cooling  of  the  air 
between  stages  reduce  the  power  requirement, 
for  a  given  capacity*.  The  intercooling  reduces 
the  maximum  temperature  in  each  cylinder  and 
thereby  reduces  the  amount  of  heat  that  must 
"  be  removed  by  the  water  jacket  at  the  cylinder. 
Also,  the  resulting  temperature  in  the  cylinder 
insures  good  lubrication  of  the  piston  and  the 
valves.  Both  the  intercoolers  and  the  after- 
coolers  are  of  the  same  general  construction, 
except  that  the  aftercoolers  are  designed  to 
withstand  a  higher  working  pressure  that  the 
intercoolers. 

Water-cooled  intercoolers  may  be  of  the 
straight  tube  and  shell  type  or,  if  size  permits, 
may  be  of  the  coil  type.  In  coolers  with  air 
pressure  above  250  psi,  the  air  flows^tiirough 
the  tubes.  Suitable  baffles  are  provided  in 
tubular  coolers  to  deflect  the  air  or  water  in  its 
course  through  the  cooler.  In  coil  type  coolers 
the  aiz  passes  through  the  coil,  with  the  water 
flowing  ;  round  the  outside. 

Air-cooled  intercoolers  and  aftercoolers 
may  be  of  the  radiator  type  or  may  consist  of  a 
bank  of  finned  copper  tubes  located  in  the  path 
of  blast  air  provided  by  the  air  compressor. 

Automatic  temperature  shutdown  devices  are 
fitted  on  all  recent  designs  of  high-pressuref  air 
compressors.    Thus,  if  the  cooling  water  tem- 


perature rises  above  a  safe  limit,  the  com- 
pressor will  stop  and  will  not  restart  auto- 
matically. Some  compressors  are  fitted  with  a 
device  that  will  shut  down  the  compressor  if 
the-  temperature  of  the  air  leaving  any  stage 
exceeds  a  preset  value. 

Compressor  Assembly  Components  / 

As  previously  stated  certain  other  com- 
ponents are  usually  considered  as  part  of  the 
compressor  assembly.  A  brief  description  of 
these  components  is  given  in  the  following  par- 
agraphs. They  are  described  in  more  detail 
in  other  sections  of  the  manual,  as  indicated 

A  filter  and  a  moisture  separator  are  in- 
corporated in  the  line  between  the  compressor 
and- the  receiver  tank.  Their  purpose  is  to 
remove  as  much  dirt  and  moisture  as  possible 
before  the  air  enters  the  system.  Filters  and 
separators  are  discussed  in  chapter  7. 

An  air  receiver  Qr  reservoir  is  installed 
in  or  near  each  space  housing  air  compressors. 
The  receiver  acts  as  a  supply  tank  and  a  stor- 
age tank  for  the  pneumatic  system.  Air  re- 
ceivers are  explaffied  in  chapter  7. 

•An  unloading  system  that  removes-the  com- 
pression load  from  the  compressor  while  the 
unit  is  starting  and  automatically  applies  the 
load  after  the' unit  reaches  operating  speed  is 
installed  in  most  systems.  Unloading  valves  are 
covered  in  more  detail  in  chapter  10, 

A  pressure  relief  valve  is  installed  in'  the 
assembly.  It  exhausts  compressor  discharge 
air  to  the  atmosphere  when  the  pressure  in  the 
equipment  being  charged  exceeds  a  predeter-, 
mined  maximum  value.  Pressure  relief  valves 
are  described  in  chapter  10. 
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CHAPTER  ? 


CONTROL  AND  MEASUREMENT  OF  FLOW 


It  is  all  but  Impossible  to  design  a  practical 
fluid  power  system  without  some  means  of  con- 
trolling the  volume  and  pressure  of  the  fluid  and 
directing  the  flow  of  fluid  to  the  pperating  units. 
This*  is  accomplished  by  the  incorporation  of 
different  types  Of  valves  at  various  points  in  the 
system.  Different  types  of  valves  used  in  fluid 
power  systems  are  discussed  in  this  chapter 

♦and  chapters  10  and  11. A  brief  introduction  to 
valves,  including  their  classification  and  appli- 
cation,, is  covered  in  the  first  part  of  this  chap- 
ter. This  is  followed  by  detailed  descriptions 
and  illustrations  of  those  valves  which  ar?  used 
to  control  the  flow  of  fluids.  # 
Some  fluid  power  systems  require  devices  for 
measuring  the  quantity  or  rate  of  flow  through 
the* system.  The  latter  part  of  this  chapter  is 
devoted  to  various  types  of  flowmeters nased  for 

•  measuring  the  flow  of  fluids.*  % 


INTRODUCTION  TO  VALVES 

v.  2 

'An  often  quoted  definition  of  a  valve  is  "an 
engineered  obstruction  in  a  pipe."  Although  this 
definition  is -technically  correct,  a  more  precise 
definition  is:  A  valve  is  any  device  by  which  the 
flow  of  fluid  may  be  started,  stopped,  or  reg- 
ulated by  a  movable  part  which  opens  or  ob- 
structs passage.  As  applied  to  fluid  power  sys- 
tems, valves  are  used  for  controlling  the  flow 
of  .the  fluid,  the  pressure  of  the  fluid,  and  the  , 

"direction  of  the  fluid  flcfw. 

Valves  must  be  accurate  in  the  control  of 
flmd  flow  and  pressure  and  the  sequence  of 
operation*  Usually,  no  packing  is  used  between 
the  valving  element  and  the  valve  seat,  since 
fluid  leakage  is  reduced  to  a  negligible 
quantity  by  precision  machined  surfaces,  re- 
sulting in  carefully  controlled  clearances. 
(Packing  is  required  around  valve  stems,  be- 

'  tween  lands  of  spool  valves,  etc.)  This  is  another* 
very  important  reason  for  using  only  the  rec- 


ommended fluid  in  the  system  and  f or  k#fptng 
the  fluid  clean.  Oxidation,  rust  particles,  and 
other  foreign  materials  §ych  as  dust,  sand,  ltnt, 
etc.,  can  Sause  considerable  damage  to  preci- 
.  sion  valves.  .  This  contamination  Will  cause 
valves  to  stick,  may  plug  small  orifices,  or 
cause  abrasion  of  the  valving  surfaces,  resulting 
in  leakage 'between  the  valve  element  and  valve 
seat  when  the  valve  is  in  the  closed  position. 
Any  one  of  these  can  result  in  inefficient  opera- 
tion or  complete  stoppage  of  the  equipment 

v  Valves  may  bp  controlled  manually,  electri- 
cally, pneumatically,  mechanically,  hydraulic 
cally,  of  by  combinations  of  two  or  more  of 
these  methods.  In  some  systems  the  entire  se- 
quence of  operation  of  the^most  complicated 
equipment  may  be  automatic.  The  method  of  con- 
trol depends  upon  many^  different  factors.  The 
purpose  of  the,  valve,  the'design  and  purpose  of 
*the  system,  the  location  of  the  valve  within  the 
system,  and.  the  availability  of  the  source  of 
pow*er  are  some*  of  the  factors  that  determine 
the  method  df  control. 


CLASSIFICATION  OF  VALVES 

Valves  are  sometimes  classified  according  to 
their  method  of  operation— simple,  compound, 
or  directional.  A  simple  valve  requires  only  a 
single  internal  motion  for  its  operation.  For 
example,  fluid  acting  on  one  side  of  the  valving 
element  opens  it  against  the  resistance  of  grav- 
ity or  spring  tension;  or  the  valve  is  controlled 
manually  by  tunrfing  a  screw  so^that  the  passage 
for  the^fluid*  is  opened  or  closecU  A  compound 
valve  involves  a  combination  of  internal  mo? 
tions  for  its  Operation,^  Directional  valves  £re 
used  to  control  the  direction  of  the,  flow  of  fluid 
'  along  two  or  iqore  paths. 

Probably, 'the  most  common  method  of  clas- 
sifying valves  is  according  to  their  purpose— 
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flo^t  control,  pressure  control,  and  directional 
control:  This  method  of  classification  is  very 
similar  to  the  nrethod  discussed  previously.  As 
a  general  rule,  simple  valves  include  those 
which  control  flow;  compound  valves  include 
those  which  control  pressure;  and,  of  course,  • 
directional  valves'  control  the  direction  of  flofc. 
All  the  tyjies  of  valves  available-*for  fluid 

•  power  systems  are  too  numerous  to  describe . 
within  the  scope  of  this  training. manual.  Most 
valves,  however,  are  variations  of  these  three 
fundamental  jiksses— flow  » control,  pressure 
.  control,  and  directional  control.  Several  rep- 
resentative types  in  each  class  are  described 
and  illustrated  in  this  manual.  Flow  control 
valves  are  discussed  in  this  ^hapten  Pressure 
control  valves  are  describecr^jn  chapter  10, 

"while  directional  control  valves  are  covered  in 
chapter'll.  „ 


APPLICATIONS 

*  —  -Each  type*  vt  vrilve*used  in  fluid  power  sys- 
tems has  a  specific  purpbse  or,  in  some  appli- 
cations, a  combination  of  different  purposes. 
These  applications  and  purposes  are  discussed 
in  more  detail  as  the  different  valves  are  de,- 
scribed  in  this  chapter  and  in  chapters  10  and 
11,  In  general,  howeve'r,  the  application^  of 
valves  according  to  their  classification,  are 
briefly  described  in  "the  following  paragraphs. 
%  ,  Flow  control  valves  are  used  in  fluid  power 
systems  to  open  and  close  a  line-to  flow  or 'to 
control  the  rate,  of  fjow  through  the  lines.  They 
are  sometimes  used  as  ON  and  OFF  valves 
to  isolate  circuits  of  the  system  during  cer- 
tain operations. 

•  The  uses  of  pressure  control  valves  include 
the  regulation  of  system  pressure,  the  protectiSfr 
of  the  system  and  components  from  pressure 
overload,  and  the  control  of  the  sequence  of  oper- 
ation of  certain  components  in  'some  systems. 

Among  other  applications,  direettonal  control 
valves  are  used  to  control  the  paths  of  the  fluid  to, 
operating  components.     For  example,  these' 
valves  are  usetf  to  control  the  directioft  of  rota-  1 
tion  cSf  actuating  motors  and  the  direction  of 
movement  of  actuating  cylinders. 

•  '         FLOW  CONTROL  VALVES 


A  typical  example  of  a  valve  used  to  control 
flow  is  the  ordinary  water  faucet.  It  is  normally 


in  the  closed  position  allowing  no  flow^  It  can  be 
fully  opened  allowing  full  flow.  .The  rate  of  flow 
is  varied  by  turning  the  faucet  handle  alock-N 
wise  or  counterclockwise,  which  changes  the 
size  of  the  opening  of  the  faucet  Although  some 
of  the  flow  control  valves  used  in  fluid  power 
systems  are  "similar  to  the  water  faucet,  others 
are  more  complex  in  design  and  operation.  Some 
of  the  different  types  of  flow  control  valves 
.commonly  used  in  fluid  ,pgwer  systems  are 
'described  in  the  following  paragraphs. 

•  r 

PLUG  VALVES 

A.  plug  vatvep-somettmes  referred  to  as  a 
cock,  consists  of  a  Hollow  cylindrical  jshaped 
body,  into  which  is  fitted  a  tapered  cylindrical 
plug.  Figure  9-1  shows  an  exploded  view  of  a" 
plug  valve/  Including  a  cross-sectional  view  of 
the  body.  The  top  of  the  plug  extends  up  through 
the  gland,  and  can  be  turned  with  i  wrench. 
'  In  most  plug  valves,  the  plug  terminates  in  a 
handle  for  manual  control  of  the  ^alve. 

The  body-of  the~valve  is  secured  in  the  line 
with  holes  or  ports  in  the  wall  crf-tfietsylindrical 
body  aligned  with  the  flow  of  fluid  through  the 
line.  The  plug,  which  also  contains  holes  or 
ports,  fits  snugly  into  the"  valve  body.  When  the 
plug  is  open  the  ports  of  the  plug  are  in  line 
with  the  ports  of  the  body,  allowing  fluid  to 
flow  through  the  valve.  tSee  fig.  9-2.)  Flow 
is  stopped  by  a  quarter  turn  of  the  plug,  which 
aligns  the  solid  areas  of  the  plug  with  the  ports 
in  the  body^  The  top  of  the  plug  or  the  handle 
id  usually  marked  by  some  method  to  indicate 
^hether  the  valve  is  open  or  closed. 

Although  the  inside  surfaceitH  plug  valves 
are  machined  to  give  close  cona^t,  the  meeting 
of. metal  with  metal  offers  tjie'danger  of  seizing. 
When  plug  valves  stand  normally  in^an  open 
position,  the  parts  of  the  plug  that  provide  the 
seal  are  not  directly  in  contact  with  the  fluid; 
but  when  The  valve  is  nofmally  closed  the  fluid 
wiU  act  on  only  one  side  of  the  sealing  sur- 
face. Under  ordinary  conditions,  however,  plug 
valves  can  be  easily  opened  or  closed. 

Plug*  Valve's  are  used  as  fully  Off  or  fully 
OFF  valves.  They  are  not  designed  to  be  used 
in  a  semiopen  position;  that  is,  to  throttle  or 
vary  the*  volume  of  flow.  This  is  especially  true 
if  grooves  in  the  walls  of  the  body  are  filled 
with  packing  to  separate  metal  from  metal.  In 
a  partially  open  position,  this  packing  would 
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"Figure  9-1.— Plug  valve. 


eventually  wear  away.  In  any  event,  unequal 
wear  is  encouraged  'if  the  valve  remaffisTin  tbfe 
partly  open  position  for  any  ,length  of  'time. 

Plug  valves  ^iave  a  limited  use  in  fluid  power 
systems.  Small  plug  valves  are  sometimes  used 
in  hydraulic  systems  to  free  the  system  of  air. 
The  valve  is  opened  so  that  the  air  can  escape- 
When  the  liquid  begins  to  flow-  continuously 
the  valve  is  closed.  Plug  valves  are  also  used 
'in  pneumatic  systems  to  drain  condensation 
from  the  system.  *~  t 

GATE  VALVES 

In  the  gate  valve,  flow  is  controlled  by  means 
of  a  wedge  or  gate,  the  movement  of  which  is 
usually  controlled  with  a  handwheel.  By  turning 
the  handwheel,  the  wedge  or  gate  c^  be  moved 
up  arid  down  across  the  line  of  flow  to  open  and 
close  the  passage.  Figure  9-3  illustrates  the  > 
principal  elements  of  the  gate  valve  in  .cross 
section.  Part  (A)  shows  the  line  connection  and 
the  outside  structure  of  the  valve  body,  while 
(B)  shows  the  wedge  or  gate  inside  the  valve 
and  the  stem  to  which  the  gate  and  handwheel 


view 
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Figure  9-2.— Operation  of  plug  valve. 
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Figure  9-3. —Cross-sectional  view  of  * 
gate  valve.    *  j 


''are  attached.  When  the  valve  is  open,  the  gate 
stands  up  inside  the4bonnet  The  bottom  sur- 
face of  the  gate  is  then  flush  with  the  Wall  of 
the  li^ife.  While  the  valve  is  closed,  the  gate 
blocks  flow  by  standing,  straight  across  the  line, 
x  where  it  rests  firmly  against  -two  seats,  ex- 
tenenhg  completely  across  the  ling. 

Gate  valves  permit  straight  flow  and  offer 
little  or  no  resistance  to  the  flow  of  fluid  when 
•the  valve  is  completely  open.  Gate  valvear  are" 
intended  for  use  as  fully  open  6r  fully  closed 
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Figure  9-4.— Operation  of  gate  valve. 


valves.  If  the- valve  is  partly  open,  the  face  of 
the  v&lve  stands  in  the  flow  of  fluid.  This  flow 
will*  act  on  the  face  of  the  valve  causing  it  to 
"erod^.  For  this  reason,  gate  valves  should 
not  loused  to  restrict  or.  throttle  the  rate  "of 
flow. 

Two  different  types  of  gates  are  used  in  the 
construction  of  gate  valves.  One  type  is  a  solid 
or  hoUow  wedge.  This  type  is  satisfactory  fdftr 
small  valves  in  low-pressure  systems.  How- 
ever, wedges  are  sometimes  difficult  to  tighten 
and  will  leak  when  slightly  worn.  The  other 

-*type  consists  of  two  facing  discs.  By  using  discs 
a  better  closure  is  provided,  since  the  discs 
are  forced  apart,*  snug  against  the  valve  seats, 
as  they  are  moved  4nto  position.  One  arrange- 
ment for  accomplishing  this  is  shown  in  figure 
9-4.  One  of  the  two  f acigg  discs,  composing 
the  valve,  has  been  removed  to  ^how  how  the 
vaive  is  constructed*  Two  cams  with  arms 
defending  outward  stand  opposite  each  "Other 
oeJ  slanting  surfaces  in  the  space  between  the 
discs.  As  thle^discs  move  into  the  closed  posi- 
tion^ *  ti^e  arm  of  -  each  $am  engages  a  lug  on 

..the  £ody  of  the  valve. ang  is  turned  on  the  slant- 
ing cam  bearing  surface,  forging  the  discs 
against  the'valvg  gates  during  closure. 

Gates  valves  are  available  in  different  types 
of  stem  {connections.  Figure  9-5  illustrate^ 
three  different  types.  In  figure  9-5  (A), 'the 
stem  screws  down  into  the  valve  .&ate  as  the 
valve  Js  opened.  In  this  type  the  stem  does  not 
rise  *  or  fall  outside  the  body  of  the  valve  as 


the  valve  is  opened  or  closed.  In  figure  9*5 
(B),  the  stem  rises  outside  the  valve  as  the 
valve  is  opened,  but  the  stenj  screw  operates 
inside*  the  bc&y  of  the  valve.  In  figure  9-5  (0), 
the  stem  screw  operates  at  the  level  of  the 
handwheel,  so  that  th£  stem  rises  independently 
of  the  wheel  as  the  valve  is  opened.  This  is 
called  the  outside-screw-and-yoke  type  valve. 

Valves  with  rising  stems  are  used  when  it 
is  important  to  know  by  immediate  inspection 
whether*  the  valve  is  open  or  closed*  The  hon- 
rising  stem  type  is  least  likely  to  leak,  and 
requires  less  space. 

Gate  valves  -should  be  opened  or  closed 
slowly.  Difficulty  in  opening  and  closing  the 
valve  may  be  Caused  by  high  fluid  pressure 
acting  against  the  gate.  The  gate  should  not  be 
forced  against  *  the  seat  If  the  valve  fails  to 
seat  properly,  ikshould  be  opened  slightly  and 
then  closed  again.  If  it  still  fails  to  seat,  the 
system  qiust  be  shut  down  and  the  valve  dis- 
assembled to  locate  and  correct  the  trouble. 


GLOBE  VALVES 

»m 

Globe  valves  derive  their  rxame  from  the 
globular  shape  of  their  bodies.  It  should  be  noted, 
however,  that  other  types  of  valves  may  also 
have  globular-shaped  bodies;  hence,  the  name 
may  tend  to  be  misleading.  It  is  the  internal 
structure  of  the  valve,  rather  than  the  external 
shape,  that  distinguishes  one  type  of  valve  from 
the  other.  •  ■ 

The  controlling  member  of  the  globe  valve, 
balled  the  disc,  is  attached  directly  to  the  end 
of  the  stem.  The  valve  is  closed  by  turning 
the  valve  stem  in  until  the  disc  is  seated  into 
the  valve  seat  Sines -the,  fluid  flows  equal!}/ 
on  all  sides  of  'the  center  of  support  whence 
valve  is  open,  there  is  no  unbalanced  pressure 
on  the  disc  to  cause  uneven  wear.  The  opera- 
tion of  the  globe  valve  is  illustrated  in  figure 
9-6. 

The  moving  parts  of  a  globe  valve  consist 
of  the  discr.  valva-Stem,  And  the  handwheel.. 
Figure  9-7  (A)  is  an  exploded  view  of  a  globe 
valve.  The  steip,  which  connects  the  handwheel^ 
and  the  disc,' is  threaded  and  fits  into  the  threads 
in  the  valve  bonnet  Discs  ame  available  in 
various  designs,  (See  fig,  9-7  (B).) 

When  the  valve  is  closed,  the  valve  disc 
rests  against  the  valve  seat,  preventing  fluid 
from  flowing  through  the  valve.  The  edge  of 
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Figure  9-5.— Types  of  gate  valves. 
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the  disc  and  the  seat  are  very  accurately  ma-^ 
chined  so  that  they  form  a  tight  seaTwhen  the 
valve  is  in  the  (faosed  position.  When  the  valve 
is  open,  the  fluich  flows  through  the  space  be- 
tween the  edge  of  the  disc  ano^the  seat.  The 
rate  at  which  the  fluid/flows  throligh  the  valve 
is  regulated  by  the  position  of  the  disc  in  re- 
lati3n'  to  the  iseat  The  valve  must  always  be 
installed  with  the  pressure  against  the  face  of  • 
the  disc.  , 

—  The  globe  valve  is  commonly  used  as  a  fully 
open  or/ully  closed  valve.  This  valve  may  also 
be  used,  as  a  throttle  valve  to  control  the  rate 
of  flow.  However,  since  the  seating  surface  is 
a  relatively  large  area,  this  valve  is  not  suit- 
able as  a  throttle  valve  where  fcnifflKljustments 
are,  inquired  *in  controlling  the  rate  of  flow. 

The  globe  valve  should  never  be  jammed 
in  the  open  position.  After  a  valve  has  been 
fully  opened,  the  handwheel  should  be  turned 
toward  the  closed  position  approximately  one- 
half  turn.  Unless  this  is  dtaj^e,  the  valve  is  likely 
to  seize  in  ,the  open-positio^-makingOtdifficult,  ^ 
if  not  impossible,  to  close  the  valve.  Many  valves' 


have  been  M?unag*ed  in  this  manner.  Another 
reason  for  not  leaving  glob£  valves  in  the  fully 
open  position  is  that  it  is  sometimes  difficult 
to  determine  if  the  valve  is  open  or  closed. 
If  the*  valve  is  jammed  in  the  open  position, 
the  stem  may  be  damaged  or  broken  by  someone 
who  thinks  the  valve  is  closed,  and  attempts 
to  open  it 


NEEDLE  VALVES 

. 

Needle  valves  are  similar  in  design  and 
operation  to  the  globe  valve.  Instead  of  a  disc, 
a  needle  valve  has  a  long  tapered  point  at  the 
end  of  the  valve  stem.  >  A  cross-sectional  view 
of  a  needle  valve  is  illustrated  in  figure  9-8. 

The  long  taper  of  the  valve  element  permits 
a  much  smaller  seating  surface  area  as  com- 
pared to  the  globe  valve;  therefore,  the  needle 
valve  is  more  suitable  as  a  throttle  valve  where 
,fine  adjustments  are  required  in  controlling 
the  jrate  of  flow4Js[£e_dle  Y^vejjare  used  to  con- 
trol flow  into  delicate  gages,  which  might  be 
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Figure  9-6. -Operation  of  a  globe 
valve. 

damaged  by  sudden  surges  of  fluid  under  pres- 
sure. Needle  valves  are  also  used  to  control 
end  operatipn  of  a  work  cycle,  where  it  is  de- 
sirable that  a  work /motion  be  brought  slowly 
to  a  halt;  and  at  other  points  where  precise 
adjustments  of  flow  are  necessary  and  where  a 
small  rate  of  flow  is  desired. 

Although  many  of  the  needle  valves  used 
in  fluid  power  systems'  are  of  the  manually 
operated  type  illustrated  in  figure  9:8,  mod- 
ifications of.  this  type  valve  are  often  used  as 
variable  restrictors,  described  in  the  next  sec- 
tion. 7 

RESTRICTORS 

Restrictors,  sometimes  referred  to  as  or- 
ifices, are  used  in  fluid  power  systems  to  limit 
the  speed  of  movement  of  certain  actuating 
devices.  They  do  so  by  serving  "as  restrictions 
in  the  line,,  thereby  limiting  the  rate  of  flow:  - 
Figure  9-9  shows  an  example,  of  a  typical  re- 
strictor.  This  type  .is  referred  to  as  a  fixed 
restrictor. 

Some  types  of  restrictors  are  constructed 
so  that  the  amount  of  restriction'can  be  varied. 
One  type  of  variable  restrictor  is  illustrated 
in  figure  9-10.  This  type  is  simply  a  modifi- 
cation of  the  needle  valve,  previously  described. 
Instead  of  a  handwheel  control,  this  valve  is 
constructed  so  that  it  can  be  preadjusted  to 
alter  the  time  of  operation  of  a  particular  sub- 
system. It  can  be  adjusted  to  conform  to  the 
requirements  of  a  particular  system.  This  per- 
mits the  same  type  valve  to  be  used  in  dif- 
ferent systems. 


ORIFICE  CHECK  VALVES 

Check  valves  are  described  in  more  detail 
in  chapter  11,  since  their  purpose  is  to  control 
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Figure  9-7. —Globe  Yalve  with  various 
types  of  ^ciiscs; 

the  direction'  of  flow.  However,  they  are  used 
in  conjunction  with  some  types  of  flow  control 
valves.  The  orifice  check  valve  is  an  example, 
and  is  used  ip  fluid  power  systems  to  allow 
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Figure  9-8.— Cross- sectional  view  of 
a  needle  valve. 
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Figure  9-9.— Fiiced  restrictor. 
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Figure  9-10.—  Variable  restriCtor. 


/  normal  speed  of  operation  in  one  direction  and 
limited  speed  of  operation  in  the  othej.  Since  ■ 
thia*type  valve  allocs  normal  flow  in- one  direc- 
tion and  restricted  flow  in  the  other,  it  is  often 
referred  to  as  a  one-way  resfrictor.  .Some 

^typical  examples  Uf  orifice  check  valves  are, 
'    illustrated  in  figure  9-11.    *  ^ 
Figure  9-11  (A)  illustrates  a  cone-type  on- 

^fcce  check  valve.  When  sufficient  fluid  pres- 
sure is  applied  at  port  (4),  it  overcomes  spring 
tension  and  moves  the  cone  (2)  off  its  seat 
The  two  orifices  (5)  in  thfc  illustration  rep- 
resent several  openings  .located  arounfl  the 
slanted  circumference  of  the  cone.  These  ori-  • 
f ices  allow  free  flow  of  fluid  through  the  valve 


while  the  cone  i^ffUs'seat  When  fluid  pres- 
sure is  applied  through  port  (1),  the  force  of 
the  fluid  and  spring-  tension  move  the  cone,  to 
the  left  and  on  its  seat  This  action  blocks  the 
flow  of  fluid  through  the  valve,  except  through 
the  orifice  (3)  in  the  center  of  the  cone.  Thus, 
the  size  of  brifice  (3)  determines  the  rate  of 
flow  through  the  valve  as  the  fluid  flows  from 
right  to  left 

Figure  9-11  (B)  shows  a  ball  'type* orifice 
check  valve.  Fluid  flow  through  the  valve  from 
left  to  right  forces  the  ball  off  its  seat  and  y 
allows  normal  flow.  Fluid  flow  through  the  valve 
in  the  opposite  direction  forces  the  Hall  on  its 
seat  Thus,  the  flow  is  restricted  by  the  size 
of  the  "orifice  (6)  located  in  the  housing  of ^the 
valve.  t * 

In  some  fluid  power  systems  it  is  necessary 
that  the  actuating  device  (for  example,  an  actu- 
ating cylinder)  moye  slower  in  one  direction 
than  the  other.  In  some  systems  an  .orifice 
check'  valve  is  used  to  accomplish  this  re- 
quirement The  valve  is  'installed  in  the  alter- 
nating line  that  carries  the  fluid  from  the  actu- 
ating device  as  IF  "is  actuated  in  the  direction  ~" 
in  which  slower  movement  is  desired  (The 
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Figured- 11.— Orifice  check  valves. 


line  which  delivers  fluid  under  pressure  to  the 
actuating  device  for  one  direction  of  operation 
becomes  the  line  which  carries  the  return  flow 
from  the  actuating  device  during  the  opposite 
direction  of  operation;  hence,  the  term  alter- 
nating line.)  This  causes  the  speed  of  the  actu- 
ating device  to  be  retarded,  since  the  fluid 
cannot  escape  from  the  actuating  device  any 
faster  than  the  orifice  will  allow  fluid  to  flow, 
to  return.  When  the  device  is  operated  in  the 
opposite  direction,  the  alternating  line  con- 
tainiA^hfi  orifice  check  delivers  fluid  under 
pressured  the  actuating  device.  Flow  in  this 
direction  is  unrestrioted  through  the  valve. 


,  NOTE:  .The  direction  of  free  flow  through 
the  orifice  check  yalve^is  indicated  by  an  arrow 
stamped  on  the  housing! 

This  type  installation  is'  sometimes  tirsed 
ui' aircraft  .hydraulic  systems.  It  is  used  in 
the  subsystem  that '  retracts  and  extends  the 
landing  gear.  The  6rifice  check  valve  is  in- 
stalled in  the  UP  line  (pressure  line  for  the 
retraction  of  the  landing  gear)  in  such  a  manner 
that  it  permits  free  flow  when  the  landing  gear 

/  . 


is  retracted.  This- allows  for  rapid  retraction^ 
of  the4£nding  gear*  When  the  gear  is  extended,4 
fluid  leaving  the  cylinder  returns  through  the 
UP  line  and  must  pass  through  the  orifice*  of 
the  valve.  ^Thus,  a  cushioning  effect  results 
and  the  gear  falls  slowly,  thereby  preventing 
structural  damage.  If  the  restriction  were.placed 
in  the  DOWN  line,  it  would  limijt  the  quantity 
of  fluid  entering  the  cylinder,  but.  would  have 
no  effect  on  the  fluid  leaving.  This  would  not 
satisfy  the  situation  because  the  heavy  gear 
tends  to  fall  freely,  causing  a  partial  vacu.um 
In  the  cylinder.  Thus,  the  gear  .would  fall  too 
rapidly,  resulting  in  structural  damage  to  the 
aircraft 

Circuits  in  which  the  flow  is  restricted  as 
the  fluid  leaves  the  actuating  device,  such  as 
the  landing  ^ear  circuit  just  described,  are 
conimonly  referred  to  as  meter-out*  circuits. 
That  is,  the  fluid  is  metered  out  of  the  actuating 
device.  Some  circuits#  require  the  flow  of  fluid 
to  be  restricted  as  it  enters  the  actuating  de- 
vice. These  circuits  are  referred  to  as  meter- 
in  circuits.  > 

Ameter-in  circuit,  utilizing  an  orifice  check 
valve,  is  sometimes  used  to  control  the  se- 
quence of  operation  in  one  direction  of  two  or 
more  actuating  devices  in  a  subsystem.  A  sub- 
system of  this  type  is  illustrated  in  figure  9-12; 
In  'this  system  the  sequence  of  operation  is 
controlled  during  the  extension  of  the  pistar 
rods.  Notice  that  the  directional  control  val/r 
is  positioned  to  deliver  system  pressure  to 
the  right-hand  end  of  each  cylinder  which  will 
extend  the  piston,  rods.  Since  the  line  to  cyl- 
inder (1)  contains  the  orifice  check  valve,  the 
flow  is  restricted  to  the  cylinder;  therefore, 
the  fluid  takes  the  jjath  of  least  resistance' and 
flows  to  cylinder  *(2).  After  the  piston  rod  of 
cylinder  (2)  is  fully  extended,  the  restricted 
flow  of  fluid  through  the  orifice  check  valve 
will  eventually  extend  the  piston  rod  of  cyl- 
inder (1). 

During  the  retraction  stroke  of  the  piston 
rods,  .the  fluid  flows  in  the  opposite  direction 
in  the  alternating  lines.  Since  this  allows  free 
flow  of  return  fluid  through  the  orifice  check 
valve,  the^rods  will  retract  at  approximately 
the  same  time*  It  should  be  noted  that  if  the 
orifice  check  valve  was  replaced  with  a  fixed 
or  variable  restrictor,  the  sequence  of  opera- 
tion could  be  controlled  in  both  directions. 
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Figure  9-12.— Metei-in  circuit  containing  orifice  check  valve. 


rate  of  flow 
a  fixed  set- 
temperature 
in  viscosity 


COMPENSATED  VALVES 

/  lie  flow  control  valves  previously  dis- 
cussed in  this  chapter  are  not  compensated 
for  changes  in  fluid  temperature  or  pressure 
and*  '  therefore,  are  sometimes  referred  to 
as  noncompensating  valves.  The 
through  these  valves  can  vary  at 
ting  if  either  the  pressure  or 
of  the  fluid  changes.  Changes 
(discussed  in  chapter  2),  which  are  often  the 
result  of  temperature  changes,  can  also  cause 
flow  variation  through  a  valve.  The  valves- 
previously  described  are  satisfactory  for  use 
iii  fluid  power  systems  in  which  slight  varia- 
tions of  flow  are  not  a  critical  factor  to  be 
considered.  However,  some  systems  require 
extremely  accurate  control  of  the  actuating 
device.  Compensated  flow  control  valves  are 
frequently  used  for  this  purpose.  They  auto- 
matically change  the  valve  adjustment  to  com- 
pensate for  pressure  changes  encountered  in 
the  system,  thereby  providing  a  constant  flow 
at  a  given  setting. 

Figure  9-13  illustrates  an  example  of  a 
•compensated  flow  control  valve.  This  type  valve 
meters  a  constant  flow  regardless  of  varia- 
tions in  system  pressure.  Although  it  is  usu- 
^dly  used, to  meter  fluid  into  a  circuit,  it  can 
also  be  used  to  meter  fluid  as  it  leaves  the 
circuit.  Flovf  control,  flow  regulator,  and  con- 
stant flow  valve  are  all  terms  usetf  to  describe 
this  valve.  In  this  manual  it  is  referred  to  as 
a  flow  regulator.  f 


This  flow  regulator  has  only  one  moving 
part,  the  piston  (5),  as  illustrated  in  figure 
9-13.  This  valve  will  regulate  flow  from  left 
to  right  only.  Although  the  flow  from  right  to 

"left  is  restricted  to  the  size  of  the  orifice  in' 
the  head  of  piston  (5),  the  flow  is  not  regulated 
in    this   direction.    The   body  of 'the  valve 
is  marked  with  an  arrow  to  indicate  the  direc- 

/  tion  of  regulated  flow. 

Operation  of  the  flow  regulator  can  be  seen 
in  figure  9-13.  View  (A)  shows  the  fluid  flowing 
trough,  the  valve  in  the  direction  of  regulated 
flow;  however,  in  this  position  the  valve  allows 
free  flow  (relative  to  the  size  of  the  orifice 
in  the  head  of  piston  (5)).  Fluid  enters  port 
(3), -passes  through  the  orifice  in  the  head  of 
piston  (5),  through  the  slots  (2)  in  the  side  of 
the  piston  (5),  and  out  port  (6).  If  the  flow  en- 
tering port  (3)  increases  to  a  velocity  greater 
than  the  capacity  of  the  orifice  in,  the  head  of 
piston  (5),  the  resistance  increased.  This  in- 
crease in  resistance  resets  in  a  pressure 
differential  between  the  fluid  entering  the  ori- 
fice and  the  fluid  leaving  it  This  pressure 
differential,  caused  by  a  momentary  increase 
in  flow,  overcomes  spftng  tension  and  moves 
the  piston  (5)  to  the  right  As  the  piston  moves 
to  the  right,  the  openings  at  slots  (2)  in  the 
piston  and  regulator  body  decrease  in  size 
(fig.  9-13  (B)),  "and  an  additional  restriction 
is  placed  on  the  fluid  which  decreases  the  rate 
of  flow.  The  piston  cannot  move  to  the  right 
faf^  enough  to  completely  block  the  slots  inihe^ 
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to  move  to  the  right  and  thereby  decreases 
the  size  of  the  slot  openings  (2),  This  allows 
less  fluid  to  flow  to  the  actuating  device.  Thus, 
the  flow  ^regulator  maintains  a  constant  rate 
of  flow  regardless  of  variations  in  system  pres- 
sure and  regardless  of  the  resistance  to  move- 
ment of  the  actuating  device. 

An  example  of  a  typical  flow  regulator  in- 
stallation is  shown  in  figure  9-14.  This  in- 
stallation provides  for  the  fluid  to  be  metered 
into  the  circuit  System  pressure  enters  port 
(5).  When  the  directional  control  valve,  (3)  is 
positioned,  fluid  flows  through  the  flow  reg- 
ulator (4).  Thus,  regardless  of  the  direction 
of  movement  of  the  actuating  cylinder  (1),  one 
of  the  alternating  lines  (2)  will  have  regulated 
flow  through  it,  insuring  a  smooth  operation 
of  the  actuator. 

Flow  regulators  are  available  in  different 
flow  capacities,  and  are  usually  rated  in  gal- 
lons per  minute  (gpm).  The  type  of  valve  dis- 
cussed in  this  section  is  nonadjustable.  Ad- 
justable compensated  valves  are  required  and 
are  available  for  some  fluid  power  systems. 


1.  Body. 

2.  Slots. 

3.  Input  port 
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4.  vRetainer.   -  ' 

5.  Piston. 

6.  Output  port 


Figure  9-13.— Flow  regulator. 


side  of  the  regulator  body.  Although  the  pres- 
sure on  #je  right  side  of  the  piston  will  build 
.  up  to  a  value  etjual  to  the  pressure  in  port  (3) 
and  against  the  left  side  of  the  piston,  spring 
tension  will  overcome  this  equalization  of  pre3- 
sures  and  will  prevent  a  complete  blockage  of 
Qow.  -  * 

An  increase  of  pressure  normally  increases 
fluid  flow  through  an  orifice,  ^  but  this  is  not 
the  case  wiffif  the" ilow  regulator.  As  the  pres- 
sure increases,  the  size  of  the  orifices  (slots) 
decreases,  thus  maintaining  a  constant  flow. 
If  the  resistance  to  movement  of  the  actuating 
device  decreases,  the  fluid  flow  starts  to  in- 
crease. This  increase  of  flow  to<  the  actuating 
device '  causes  a  decrease  in  pressure  on  the 
right  side  of  piston  (5).  This  allows  the  piston 
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FLOW  EQUALIZER 

Flow  equalizers,  sometimes  referred  to  as 
flow  dividers,  are  used  in  some  hydraulic  sys- 
tems to  synchronize  the  operation  of  two  actu- 
ating units.  To  accomplish  this,  the  flow  equal- 
izer divides  a  single  stream  of  fluid  from  the 
directional  control  valve  into  two  equal  streams. 
Thus,  each  actuating  unit  receives  the  same 
rate  of  flow,  and  both  move  in  unison.  During 
operation  in  the  opposite  direction,  the  flow 
equalizer  hopbines  the  two  streams  of  fluid 
at  an  equal  rate.  Therefore,  the  flow  equalizer 
synchronizes  the  movement  of  the  actuating 
units  during  both  directions  of  Operation.  Since 
this  valve  provides  synchronized  flow  in  both 
directions/ it  is  said  to  be  dual  adting.  * 

••One  «type  of  flow  equalizer  is  illustrated  in 
figure  9-15.  View  (A)  shows  the  valve  in  the 
splitting  (divided  flow)  position.  Fluid  under 
pressure  from  the  directional  control  valve 
enters  port  (3).  The  fluici  pressure  overcomes 
spring  tension,  forces  the  plug  (4)  down,  and 
uncovers  the  two  orifices  in  the  sleeve  (2). 
The  fluid  then  splits  and  tends  to  flow  equally 
through  the  two  side  passages  (1)  and  (5).  The 
fluid  pressure  overcomes  spring  tension  and 
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4.-  Flow  regulator, 

5/  Pressure  line. 

6.  Return  line. 


Figure  $-14.— Flow  regulator  installation.  * 

opens  the  two  splitting  check  valves  (7)  #and 
(15).  Then  the  flytd  flows  through  these  splitting 
check  valves,  through  the  metering  grooves 
(10)  and  (14),  through  ports  (9\  and  (13),  and 
through  connecting  lines  to  the  actuating  units. 
Any  difference  in  the  rate  of 'flow  between  the 
two  passages  results  in  a  pressure  differen- 
tial  between  the  two  passages.  Then  the  free- 
floating  metering  piston  (11)  shifts  to  equalize 
the  internal  pressure,  and  the  flow  dualizes. 

To  illustrate  this  equalisation  action,  as- 
sume that  the  actuating  unit. attached  to  aline 
from  port  (9)  meets  less  resistance  than  the 
one  attached  to  a  line  from  port  (13).  As  a  re- 1 
suit,  the  rate  of'  flow  through  port  (9)  tends 
to  increase,  but  in  so  doing,  the  rate,  of  flow, 
also  ipc/eases'  through  passage  (5).^Sidce  the 
fluid  leaving  port  (13)  meets  with  more  re- 
sistance, the  flow  through  passage  (1)  decreases, 
and  the  pressure  becomes  grea&r  tt*an  the 
pxyssure  in  passage  (5).  This  momentary  pres- 
sure differential  forces  the  fr^ee-floating  me- 
tering piston  (11)  to  the  left  This  causes  the 
space  between  the  piston  land  (8)  and  the  me- 
tering groove  (10)  to  become  smaller,  which 
^restricts  the  flow  qf  fluid  out  of  port  (9).  Thus, 
the  flow  equalizer  imposes  a  restriction  on 
the  fluid  that  has  a  tendency  to  increase  in 
rate  of  flow,  and  the  two  streams  equalize. 


The  combining  position  of  the  flow  equalizer 
is  illustrated  in  figure  9-15  (B).  This  shows 
the  valve  joining  the  two  streams  of  fluid  as 
it  flows  from  the  actuating  units.  -In  this  posi- 
tion, the  fluid  enters  ports  (9)  and  (13)  of  the 
valve.  The  fluid  cannot  return  through  the  split- 
ting check  valves.  Therefore,  it  takes  the  path 
of  least  resistance,  which  is  around  the  cyi-  . 
indrical  shaped  metering  piston,  and  enters 
the  combining  check  valves  (6)  and  (16)  as  in-  % 
dicated  by  arrows.  The  pressure,  of  the  fluid 
overcomes  spring  tension,  opens  the  check 
valves,  and  then  the  fluid  flows  through  pas- 
sages (1)  and  (5)  to  the  orifice  sleeve  (2).  The 
fluid  pressure  will  then  force  the  orifice  sleeve 
upward,  which  opens  jthe  jorifices  and  allows 
the  fluid  to  flow^out  port  (3). 

Again  for  purposes  of  illustration,  assume 
thaVi^e  actuating  unit  attached  to  a  line  from 
port  (9)  moves  with  less  resistance  thv  the 
unit  attached  to  a  line  from  port  (13).  The 
rate  of  flow  into  port  (9)  tends  to  increase, 
but  as  the  fluid  leaves  the  combining  check 
valve  (6)  and  flows  through  passage  (5)  it  is 
restricted  by  the  orifice.  Therefore,  if  the 
flow  momentjtrily  increases,  the  restriction 
of  flow  through  the  orifice  will  cause  an  in- 
crease in  pressure  in  passage  (5).  This  difn 
ferer^tial  in  pressure  between  passages  (5) 
and  (1)  will  force  the  metering  piston  (11)  to 
the  right  This  results  in  a  restriction  between 
the  metering"  groove  (10)  and  the  piston  land 
*(8K  Thus,  the  stream  of  fluid  which  tends  to 
flow  at  a.  greater  rate  is  restricted  and 
equalizes  with  the  other  stream. 


PRIORITY  VALVES 

In  systems  with  two  or  more  circuits,,  it 
is  sometimes  necessary  to  have  some  means 
of  supplying  all  available  fluid  to  one^particular 
Circuit  in  case  of  a  pressure  dfropan  the  sys- 
tem. A  priority  valve  is  often  incorporated 
in  the  '  system  to  insure  a  supply  of  fluid  to 
,the  '  critical  circuit.  The  Components  of  the 
system  are  arranged  so  that  the  fluid  to  operate 
each  circuit,  except  the  one  critical  circuit, 
must  flow  through  the  priority  valve.  A  pri- 
ority valve  may  also  be  used  within  a  subsys- 
tem containing  two  or  inore  actuating  units  to 
insure  a  supply  of  fluid  to  one  of  the  actuating 
units.    In   this   case   the  prioxity^xatee  is 


163 


ERIC 


78, 


'  Cfiapter^CONtfiOL  'AKP  MEASUREMENT-OF  FLOW 


Nomenclature  for  figure  9-15y 


1.  Side' passage. 

2.  Sleeve. 

3.  Port 

4.  Plug. 

5.  Side  passage. 

6.  Combining  check  valve. 

7.  Splitting  check  valve. 

8.  Piston  land. 


( 


9.  Port 

10.  Metering  groove. 

11.  Free-floating  metering  piston. 

12.  Piston  land. 

13.  Port 

14.  Metering  groove. 

15.  Splitting  check  valve. 

16.  Combining  check  valve. 


^(A)  PRIORITY  FLOW 


SRsS^gFnSt    poppet  piston    spring  body 


(B)  FREE  FLOW 


Figure  9-16.— Priority  valve. 
'a 
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incorpdrated  in  the  subsystem  in  such  a  location 
that  the  fluid  to  each  actuating  unit,  except  the 
critical   unit,    must  flow  through  the  valve. 

One  type  of  priority  valve  is  illustrated  in 
figure  9-16.  View  (A)  shows  the  valve  in  the 
priority  flow  position;  that  is,  the  fluid  must 
flow  through  the  valve  in  the  direction  indicated 
by  the  arrows  to  get  to  the  noncritical  circuits 
or  actuating  units.  With  no  fluid  pressure  in 
the  valve,  spring  tension  forces  the  piston 
against  the  stop  and  the  poppet  seats  against 
the  hole  in  the  center  of  the  piston.  As  fluid 
pressure  increases,  the  spring  compresses  and 
the  piston  moves  to  the  right  The  poppet  fol- 
lows the  piston,  sealing ,  the  hole  in  the  center 
of   the  piston,  until  me  preset  pressure*  is 


t 

reached.  (The  preset  pressure  depends  on  the 
requirements  of  the  system  and  is  set  by  the 
manufacturer.)  Assume  that  the  critical  cir- 
cuit or  actuating  unit  requires  1,500  psi.  When 
the  pressure  in  the  valve  reaches  1,500  psi, 
the  poppet'  reaches  the  end  of  its  travel.  As  the 
pressure  increase's",  the  ^piston  continues  to 
move  to  the  right,  which  unseats  the  poppet 
and  allows  flow  through  the  valve,  as  indicated 
in  figure  9-16  (A).  If  the  pressure  drops  below 
1,500  psi,  the  compressed  spring  forces  the 
piston  to  the  left,  ti\e  poppet  seats,  and  flow 
through  the  valve  stops. 

Figure  9-16  (B)  shows  the  priority  valve  in 
the  free  flow  position.  The  flow  of  fluid  moves 
the  poppet  to  the  left,  the  poppet  spring  com- 
presses, and  the  poppet  unseats.  This  allows 
free  flow  of  fluid  through  the  valve. 


FLOWMETERS 

Although  flowmeters  are  normally  associated 
with  systems  in  which  fluids  are  consumed,  such 
as  oil,  gasoline,  water,  etc.,  they  are  sometimes 
required  in  fluid  power  systems.  One  of  the 
most  important  uses  of  flowmeters  in  fluid 
power  system?  is  in  test  stands  which  are  used 
to  test  and  adjust  fluid  power  systems  and/or. 
components.  For  example,  pumps,  which  are 
rated  in  gallons  per  minute  (chapter  8),  can 
be  tested  for  their  rated  capacity  by  the  use 
of  a  test  stand  with  a  flowmeter  incorporated. 

Measurement  of  flow  may  be  expressed  in 
units  of  rate,  such  as  gallons  per  minute,  pounds 
per  hour,  cubic  feet  per  second,  or  in  terms 
of  total  quantity,  such  as  gallons,  pounds,  or 
cubic  feet  (This  is  similar  to  the  speedometer 
of  an  automobile.  The  needle  indicates  the  speed 
of  the  automobile  in  miles  per  hour,  which 
compares  to  the  rate-of-flow  type  flowmeter. 
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The  other  indicator,  called  the  odometer,  in- 
dicates total  miles  and  compares 'to  the  quan- 
tity type  flowmeter.) 

A  reciprocating  pump  that  displaces  a  uni- 
form volume  of  fluid  for  each  stroke  of  its  piston 
could  be  used  as  a  meter  by  installing  a  device 
foiT  counting  the  piston  strokes.  However,  the 
ppmp  would  have  to  be  designed  to  minimize 
leakage  and  to  guarantee  uniform  displacement 
Measurement  of  flow  is  accomplished  by  a 
variety  of  means,  depending  upon  the  quantities, 
flow  rates,  and  types  of  fluid  involved.  Fluid 
meters  are  designed  to  measure  fluids  of  def- 
inite specific  gravities  and  characteristics,  and 
must  be  used  only  for  the  purpose  and  the  fluid 
for  which  they  were  designed.  Each  meter  is 
tested  and  calibrated  before  it  is  shipped  from 
the  factory  and  must  be  tested  and  calibrated 
at  periodic  intervals  throughout  its  service 
life.  Several  types  of  flowmeters  are  described 
in  the  following  paragraphs. 


NUTATING  PISTON 
DISC  FLOWMETER 

In  this  type  flowmeter  the  fluid  passes 
through  a  fixed  volume  measuring  chamber 
divided  into  upper  and  lower  compartments  by 
a  disc.  During  operation,  one  or  the  other  com- 
partment is  continually  being  filled  while  the 
other  is  being  emptied.  As  it  passes  through 
these  „  compartments,  the  force  of  the  fluid 
causes  the  disc  to  roll  around  in  the  chamber, 
in  a  manner  described  later.  This  movement 
of  the  disc  operates  a  counter,  through  suitable 
gearing,  to  indicate  the  volume  of  fluid  passed 
through  the  meter.  The  counter  somewhat  re- 
sembles the  odometer  of  an  automobile,  pre- 
viously mentioned,  except  that  this  .type  flow- 
meter is  usually  designed  to  register  gallons. 

The.  heart  of  the  meter  is  the  measuring 
^chamber  and  the  disc  piston.  Views  (A)  and 
(B)  of  figure  .9-17  show  how  the  disc  is  located 
in  the  measuring  chamber.  View  (C)  of  figure 
d-17*  is  a  sectional  view  illustrating  one-half 
of  the  measuring  chamber.  The  chamber  is 
bound  at  the  top  and  bottom  by  conical  surfaces 
(1)  and  (2),  which  are  joined  at  their;  outer  edges 
by  spherical  surface  (3).  A  sectional  view  of' 
the  entire  meter  is  illustrated  in  figure  9-18. 

Referring  to  figures  9-17  (A)  and  (B>,  the 
upper  and  lower  surfaces  of  the  chamber  con- 
verge towards  the  qenter  to  form  a  spherical 


• 

.cavity  for  the  ball  (4).  The  spindle  (5)  passes 
through  the  ball  and  is  connected  to  the  counting 
gears  (fig.  9-18).  Disc  (6)  is  attached  to  the 
ball.  Both  the  ball  and  disc  are  machined  to  fit 
closely  in  the  chamber.  There  is  a  slot  (8)  in 
the  disc  at  one  point,  through  which  passes  the 
thin  partition  (7).  This  partition  divides  the 
chamber  into  two  equal  parts.  There  are  open- 
ings in  the  outer  wall  of  the  chamber  on  each 
side  of  the  partition.  Opening  (9)  is  the  fluid 
inlet,  while  opening  (10)  is  the  outlet. 

When  the  ball  carrying  the  disc  and  the  spin- 
dle is  tilted  as  far  as  possible,  the  bottom  of 
the  disc  makes  a  close  contact  with  the  bottom 
conical  surface  of  the  chamber,  while  the  top 
of  the  disc  similarly  contacts  the  upper  conical 
surface  at  the  opposite  end  of  the  disc.  Since 
the  disc  is  flat,  while  the  Contacting  surfaces 
are  conical,  contact  takes  place  along  a  straight 
line  on  each  surface.  The  lines  of  contact  pro- 
duce seals,  which,  when  taken  in  connection 
with  the  partition  (7), N  divide  both  the  upper 
and  lower  compartinents  into- two  parts.  The 
net  effect  is  that  the  disc  and  partition  produce 
four  separate  compartments  in  the  measuring 
chamber,  two  above  the  disc  and  two  below. 
The  top  and  bottom  compartments  are  separated 
from  each  other  by  the  disc,  while  the  pairs 
of  compartments  respectively  above  and  below 
the  disc  are  separated  by  the  seal  formed  at 
the  line  of  contact  between  the  disc  and  the 
conical  top  and  bottom  surfaces,  and  also  by 
the  partitions. 

Spindle  (5)  extends  from  ball  (4)  and  passes 
through  wheel  (11)  at  a  point  near  its  outside 
edge.  The  vertical  shaft  (12)  is  attached  to  wheel 
(11)  and  rotates  with  it  This  shaft  is  connected 
at  its  upper  end  to  the  measuring  gears,  and 
is  mounted  directly  over  ball  (4).  When  the 
wheel  (11)  turns  on  its  axis,  the  position  of 
the  shaft  keeps  the  spindle  inclined  at  just  the 
angle  to  produce  a  continuous  seal  between 
disc  (6)  and  the  upper  and  lower  surfaces  of 
the  measuring  chambers. 

For  the  purpose  of  simplicity,  consider  thf 
meter  as  a  pump  driven  by  some  outside  force. 
The  action  of  the  meter  can  be  understood  by 
imagining  wheel  (11)  to  be  revolved  by  means 
of  shaft  (12)*  The  spindle  (5)  would  revolve 
with  the  wheel  and  shaft  and  would  trace  a 
.  conical  path,  as  shown  in  figure  9-19.  This 
movement  of  the  spindle  Vould  control  the 
positioning  of  the  disc*  When  the  spindle  is  in 
position  (A)  (jfig.  9-19),  for  example,  the  disc 
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1.  Measuring  chamber  (top  surface). 

2.  Measuring  chamber  (bottom  surface)  4 

3.  Measuring  chamber  (outer  edge). 

4.  Ball. 

5.  Spindle. 

6.  Disc. 


Chamber  partition. 

8.  Slot 

9.  Inlet  opening. 

10.  Outlet  opening. 

11.  Wheel. 

12.  Shaft 


Figure  9-17.— Nutating  piston  disc  flowmeter  (sectional  views). 


r 


would  also  be  in  position  (A),  while  the  posi- 
tions (B)  and  (C)  for  the  spindle  and  (Jrsc  would 
also  correspond. 

The  disc  cannot  rotate,  because  partition 
(7)  stands  in  slot  (8).  The  disc,,  therefore,  wob- 


bles up  and  down  (nutates),  while  the  seal  lines, 
formed  by  the  disc  and  the  top  and  bottom  walls 
of  the  .measuring  chamber,  are  made  to  re- 
volve around  the  chamber. 
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Figure  9-18.— Nutatiag  piston  disc  flowmeter  (indicating  fluid  flow). 
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Again  for  simplicity,  consider  only  the  lower 
partition  of  the  chamber.  The  seal  will  always 
be  along  the  line  which  has  the  greatest  inclina- 
tion* As  the  seal  line  moves  in  the  direction 
shown  by  the  arrows  infigure  9-18,  it  will  sweep  , 
the  fluid  before  it  and  cause  the  fluid  to  be  dis- 
charged through  the  opeping  (10).  .At  the  same 
time,  the  compartment  behind  the  moving  line 
*  of  the  seal  will  be  increasing  in  size*  Since,  the 
space  is  open  to  the  inlet  (9),  it  is  filled  with 
fluid.  When#  the  line  of  sea}  passes  the  parti- 
tion (7),  ali  the  fluid,  formerly  in  front  of  the 
seal  will  have  be$n  forced  out  of  the  discharge 
port  The  seal  line  then  starts  to  push  the  fluid, 


Which  was  formerly  behind  it,  forward.  The 
line  of  flow  of  the  fluid  is  as  shown  in  figure 
9-18.  .  '   m     .  p 

Obviously,  if*  the  wheel  (11)  were  contin- 
uously rotated,  the  disc  (6)  wouldinove  a  volume « 
of  fluid  equal  to  the  volume  of  the  lower  half 
of  the  chamber  from  the  inlet  to  the  outlet, 
for  every  rotation.  During  this  same  revolu- 
tion, the  top,  section  is  doing  thQ  same,  except 
its  seal  is  always  directly  opposite  the  lower 
seal  in  %  the  measuring  chamber*  Therefore, 
for  every  revolution,  the  piston  will  displace 
the  volume  of  the  entire  chamber  just  onc«. 
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Figure  9-19,— Operation  of  disc  and 
spindle  of  nutating  piston  c}isc 
flowmeter.  , 


In  the  previous  discussion,,  the  metpr  is 
described  as  though  it  were  a  pump  operated 
by  the  rotation  of  the  wheel  (11).  Actually  the 
operation  of  the  meter  is  just  the  reverse. 
It  is  operated  by  the  slightly  greater  fluidpres- 
sure  at  the  inlet  as  compared  with  the  outlet 
This  pressure  differential  causes  the  seal  line 
to  advance  around  the  measuring  chambeV, 
and  in  doing  scr,  it  revolvesAthe  wheel  (11). 
This  in  turn  revolves  the  indicating  register 

,  of  the  meter  by  means  of  shaft  (12)  and  suitable 

f  'reduction  gears. 

Standard  meters  'of  this  type  are  suitable 
for  temperatures  up  to  200 °F,  and  for  pres- 
sures to  150  psi,  although  models  are  available 
for  higher  temperatures  and  pressures.  The 
meters  are  accuraie  to  about  1  percent  pr  less. 
The  accuracy  of  the  meter  is  not  affected  by 
pressure  variations. 


PROPELLER  TYPE  FLOWMETER 

Figure  9-20  illustrates  a  ^propeller  type 
flowmeter.  The  propeller  is  located  in  the  line 
of  flow  and  is  connected  by  suitable  gearing 
to  the  indicator  or  counter.  The  propeller  ro- 
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Figure  9-20.— Propeller  type  flow- 
meter. 


tates  at  a  speed,  relative  to  the  velocity  of  the 
flow  through  the  line.  The  revolutions  of  the 
propeller  are  registered  through  the  gearing 
to  the  counter,  the  rate  of  rotation  being  vol- 
ume rate  of  flow.  This  type  meter  is  calibrated 
by. the  manufacturer  for  a  specific  fluid.  The 
accuracy  of  this  meter  depends,  to  varying 
degrees,  on  the  temperature,  pressure,  and 
characteristics  of  the  fluid. 


TURBINE  TYPE  FLOWMETER 

The  turbine  type  flowmeter  is  similar  to 
the  propeller  type  just  described.  Figure  9-21 
illustrates  an  installation  of  a  turbine  type 
flowmeter^The  fluid  flows  through  the  helical 
(spiral)  impeller.  This  flow  causes  the  impeller 
to  rotate.  The  impeller  is  connected  through 
suitable  gearing  to  the  counter.  The  revolu- 
tions' of  the  propeller,  which  change  as  the 
velocity  of  the  flow  changes,  are  counted  through 
the  gearing  to  the  counter.  The  rate  of  rotation 
of  the  impeller  indicates^  the  volume  flow  rate. 
Like  the  propeller  type  flowmeter,  the  accuracy 
of  the  turbine  type  depends  on  the  temperature, 
pressure,  and  characteristics^  the  fluid.  This 
type  flowmeter  is  calibrated  by  the  manufac- 
turer for>  a  specific  type  fluid. 


ROTAMETER  .  . 

*  The  rotameter  is  a  device  for  measuring 
the  rate  of  flow.  oL  a  -fluids  Figure  9-22  illus- 
trates the  9p/ration  of  a  rotameter. 

The  rotameter  is  an  upright  glass  tube 
through  wjiich  the  fluid  fldtos.  A  metal  casing 
with  a  Plexiglas  window  protects  tlie  glass 
tube.  The  tube  is  tapered,  with  the  sm$l  end 
at  the  bottom.  Inside,  a  small  metal jxrtor  with 
a  central  hole  slides  u^  and  down  on  a  guide 
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Figure  9-21.-Turbine  type  flowmeter. 

rod.  Small  vanes  cut  in.  the  sides  of  the  rotor 
cause  it  to  spin  as  it  slides  freely  up  and  down 
in  the  tube.  Since  the  tube  is  tapered,  the  space 
between  the  rotor  and  the  tube  wall  increases 
as  the  rotor  rises,  permitting  more  fluid  to 
pass  through  that  space.  Therefore,  the  rotor  ■ 
always  rises  to  a  height  corresponding  to  the 
rate  of  flow  at  any  particular  time.  A  scale  on 
the  tube  is  calibrated  to  indicate  the  rate  of 
flow  in  the  desired  measurement-gallons  per 
hour,  gallons  per  minute,  pounds  per  hour,  etc. 


FLOW  SCHEMATIC 


Figure  9-22.-Rotameter. 
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CHAPTER  10 

MEASUREMENT  AND  CONTROt  OF  PRESSURE 


For  safe  and  efficient  operation,  most  fluid 
power  systems  ire  designed  to  operate  at  a 
specific  pressure  or,  at  least  within  a  close 
range  of  a  specific  pressure.  Therefore, 
most  fluid  power  systems  are  provided  with 
a  means  for  measuring  and  indicating  the 
pressure  in  the  system.  Likewise,  a  means 
must  be'provided  for  controlling  this  pressure. 
Various  types  of  pressure  gages  are  used  to 
measure  and  indicate  the  pressures  in  fluid 
power  systems  and  various  types  of  valves,- 
pressure  regulators,  pressure  switches,  or 
similar  mechanisms  are  used  to  control  these 
pressures. 

The  operation  and  applications  of  various 
types  of  pressure1  gages  used  in  fluid  power 
systems  'are  discussed  in  the  first  part  of 
this  chapter.  The  latter  part  of  the  chapter 
is  devoted  to  the  valves  and  other  mechanisms 
commonly  used  in  controlling  pressure. 

PRESSURE  GAGES 

Pressure  gages  are  used  in  fluid  power 
systems  to  measure  and  indicate  pressure  so 
that  the  operator  of  fluid  power  equipment  .can 
maintain' pressure  at  safe  and  efficient  oper- 
ating levels.  Any  excess  or  deficiency  of 
pressure  should  be  immediately  investigated 
with  a  view  of  locating  and  removing  the  cause 
of  the  trouble.  * 

Pressure  is  generally  measured  in  pounds 
per  square -inch;  as  -diseussed-in  -ehapter-2;  - 
Gages  used  in  fluid  power  systems  are  there- 
fore calibrated  in  pounds  per.  square  inch 
(psi).  Gage  readings  indicate  the  fluid  pressure 
set  up  by  the  opposition  of  forces-within  the 
system.  Atmospheric  pressure  also  acts  on 
the  system,  but  it  can' be  ignored  in  practical 
operation  because  its  action  at  one  place  is 
balanced  by  its  equal  and  opposite  action  at 
another  place.    When  it  is  taken  into  account 


in  scientific  calculations,  the  pressure  of  a 
system  is  referred  to  as  absolute  pressure 
'  (psia).  In  this  manual,  however,  system  pres- 
sure is  referred  to  as  gage  pressure  (psig). 
(Absolute  and  gage  pressures  are  defined  in 
chapter  2.) 

Most  pressure  gages  used  in  fluid  power 
systems  are  of  the  direct  reading  type;  that 
is,  both  the  measuring  and  the  indicating  mecha- 
nisms are  contained  in  one  housing  and  the 
complete  unit  is  connected  directly  into  the 
system  or  to  a  line  leading  from  the  system. 
Some  fluid  power  systems  are  equipped  with 
electrically  operated  (synchro)  pressure  indi- 
cators.   In  this  type,  pressure  transmitters 
are  incorporated  in  the  system  at  required 
locations.-    The  transmitter  operates  similar 
to  the  measuring  mechanism  of  the  direct 
reading  gage;  £o|rever,  movement  of  the  trans- 
mitter resulting  from  changes  in  pressure  is 
relayed  by  mechanical  and  electrical  means  to 
a  pressure  indicator  which  can  be  mounted  in 
a  convenient  location  for  the  operator.  Several 
transmitters  may  be  used  in  a  system.  Each 
transmitter  may  be  connected  to  separate  pres- 
sure indicators  or  several  transmitters  may  oe 
connected  through  a  selector  switch  to  one 
indicator.    The  operator  can  then  select  pres- 
sure readings  from  any  one  of  the  transmitters. 


BOURIJpN  TUBE  GAGES 

0  The  most  common  type  of  pressure  gage 
used  in  fluid  power  systems  is  the  Bourdon 
spring  gage.  The  name  of  the  gage  comes 
from  its  inventor,  a  Trench  engineer,  Eugene 
Bourdon.  The  Bourdon  tube,  a  C-shaped  element, 
is  the  heart  of  the  gage.  There  are  variations 

01  the  C-shaped  tube  used  in  the  construction 
of  pressure  gage's.  The  most  common  of  these 
are  the  spiral  and  the  helical  shaped  tubes. 
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These  three  types  of  Bourdon  tube  gages— 
C-shaped,  spiral,  and  helical— are  described  in 
*  the  following  paragraphs.  * 


C  -Shaped  Tube 

A  pimple  Bourdon  tube  pressure  gage  con- 
sists of  a  Bourdon  tube,  a  gear-and-pinion 
mechaniim,  a  dial,  and  a  pointer.  These 
essential  parts  of  a  Bourdon  tube  gage  are 
illustrated  *in  figure  10-1.  The  curved  hollow 
Bourdon  tube  (C-shaped)  is  closed  at  one  end 
and '  is  connected  to  the  fluid  pressure  at  the 
other  end.  When  pressure  is  applied  the  tube 
"  tends  to  straighten  out,  like  a  garden  hose  when 
the  water  is  first  turned  on.  Pressure  acts 
equally  on  every  square  inch  of  area  inside  of 
the  tube;  but,  since  the  surface  area  on  the 
outside  inner  surface  of  the  curve  is^greater 
than  the  surface  area  on  the  shorter  radius, 
the  force  acting  on  the  outer  surface  is  greater 
than  the  force  acting  on  the  inner  surface. 
When  the  -pressure  is  applied  the  tube  straightens 

*  out  until  the  force  of  the  fluid  pressure  is 
balanced  by  the  elastic  resistance  of  the  material 
composing  the  tube.  Since  the  open  end  of  the 
tube  is  anchored  in  a  fixed  position,  changes 
in  pressure  move  the  tip  (closed  end).  Through 
suitable  linkage  and  a  gear-and-pinion  mecha- 
nism, this  tip  movement  is  used  to  rotate  the 
indicator  pointer  around  a  graduated  scale. 
The  scale  (dial)  is  properly  calibrated  so  that 
the^  needle  points  to  the  number  which  corre- 
sponds to  the  exact  pressure.  The  tube  per- 
forms in  the  same  maimer  as  a  spring.  When 
the  pressure  is  removed,  it  returns  to  its  original 
position,  and  the  pointer  indicates  zero  pressure. 

The  internal  working  mechanism  of  the 
Bourdon  tube  gage  is  housed  in  a  gage  case. 
Gage  cases  ^are  ^nacleipf  plastic,  ^orro^ion- 
resistant  metal,  or  a  combinaHorToi  thSse1 
materials.  The  case  assembly  serves  to  protect 

*  the  working  parts  of  the  gage  from  mechanical 
damage,  dirt,  sand,  and,  in  some  designs,  from 
moisture.  Secondarily,  it  may,  serve  as  a 
means  of  mounting  the  gage  on  an  instrument 
panel,  wall,  or  piece  of  equipment. 

*  Simplex,  vacuum,  compound,  hydraulic,  dif- 
ferential, duplex,  electric  alarm,  and  depth 
*re  all  types  of  Bourdon  tube  gages  containing 
the  .C-shaped  tube.  A  few  of  the  more  pertinent 
of  these  used  in  fluid  power  systems  are 
discussed  in  the  following  paragraphs. 
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■  SECTION  A-A 

POINTER  SCALE 
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igure  10-1.— Essential  parts  of 
Bourdon  tube  pressure  gage. 


SIMPLEX.— A  simplex  Bourdon  tube  pres- 
sure gage  is  illustrated  in  figure  10-2.  One 
pointer  (hand)  is  connected  to  the  gear  shaft 
which  extends  through  the  dial  face.  This 
pointer  indicates  the  pressure  of  the  system. 

,  The  other  pointer,  normally  painted  red,  pivots 
on  the  gear  shaft  and  is  manually  positioned. 
It  is  set  to  the  normal^  working  pressure  of 
the  system  to  which  the  gage  is  connected. 

^On  spme  gages,  red  lines  are  painted  on  the 
dial  to  ftidicate~the  minimum  and  the  maximum 
pressures  that  should  be  carried  in  the  system 
to  which  the  gage  is  attached.  These  lines 
should  be  properly  labeled. 

A  simplex  Bourdon  tube  gage  may  be  used 
for  measuring  the  pressure  of  steam,  air, 
.  water,  oil,  and  similar  liquids  or  gases. 

DUPLEX  GAGES. -A  duplex  Bourdon  tube 
gage  has  two  separate  tube  mechanisms  within 
the  same  case,  each  acting  independently  of 
the  dtber!  A  pointer  is  connected  to  the  gear 
mechanism  of  each  tube,   and  each  pointer 
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Figure  10-3.— Duplex  Bourdon  tube  gage. 
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Figure  10-2.— Simplex  Bourdon 
tube  pressure  gage. 
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'moves  over  the  face  of  the  dial  without  in- 
terfering with  the'  other  pointer.  (See  fig. 
10-3.) 

One  pointer  on  the  face  of  the  gage  illustrated 
in  figure  10-3  points  to  0,  indicating  that  there 
is  no  pressure  in  the  line  to  which  the  respective  * 
Bourdon  tube  is  attached.  The  other  pointer 
of  the  gage,  however,  indicates  that  a  pressure 
of  85  psi  is  being  exerted  on  the  tube  to  which 
it  is  attached. 

Figure  10-4  shows  a  duplex  Bourdon  tube 
'gage  with  the  face  removed.  Note  the  position 
of  the  pointers,  and  also  the  separate  con- 
nections to  the  different  pressure  sources  at 
the  base  of  the  case. 

Duplex  Bourdon  tube  gages  are  usedforsuch 
purposes  (as  showing  the  pressure  drop  between 
the  inlet  and  -the" outlet  sfde'ofa-strairterr  The^r 
reading  of  each  pointer  indicates  whether  the 
strainer  is  clean  or  dirty;  that  is,  if  the  pres- 
sure is  much  greater  on  the  inlet  side  of  the 
•  strainer,  it  indicates  that  foreign  matter  on  the 
strainer  is  very  likely  responsible  for  the 
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Figure  10-4.— Mechanism  of  duplex 
Bourdon  tube  gage. 
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higher  pressure.  A  duplex  gage  serves  many 
useful  purposes  in  indicating  the  operating  condi- 
tion of  certain  parts  or  types  of  equipment. 

HYDRAULIC  BOURDON  TUBE  GAGES.-Hy- 
draulic  Bourdon  tube  gages  are  used  to  indicate 
high  pressures,  as  on  hydraulic  rams  (cylinders) 
used  on  ship's  steering  gear  and  anchor  wind- 
lasses. Because  the  pressure  on  these  gages  is 
so  high,  they  are  equipped  with  a  slutted 
connecting  link  between  thesegmentgearandthe 
link  adjustment  to  the  tube.  This  prevents  the 
pointer  from  slamming  back  to«0  when  the  pres- 
sure is  suddenly  released.  Without  such  a 
slotted  link,  the  pointer  or  the  gage  mechanism 
could  be  damaged  by  a  sudden  release  of  pres- 
sure in  the  tube.  Note  the  slotted  link  adjustment 
shown  in  the  gear  mechanism  of  the  hydraulic 
gage  illustrated  in  figure  10-5.  Many  systems 
which  employ  this  type  of  gage  are  equipped, 
with  ^gage  snubbers  (discussed  later  in  this 
chapter)  to  prevent  pressure  surges  from  dam- 
aging the  gage. 
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Figure  10-5.-Slotted  link  ift  hydraulic 
Bourdon  tube  gag©. 


Some  of  the  hydraulic  gages  used  by  the  Navy 
have  dials  which  indicate  both  the  psi  pressure 
and  the  corresponding  tons  of  load  on  the  ram. 
(See  fig.  10-6.)  In  the  illustration,  the  main 
pointer  of  this  gage  rests  on  0,  but  the  maximum 
pointer  registers  between  3,800  and  3,900  on  one 
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Figure  10-6.— Hydraulic  Bourdon  tube  gage. 


scale  and  slightly  over  150  on  the  other  scale. 
This  means  that  during  the  operation  the  highest 
pressure  reached  was  slightly  less  than  3,900 
tons  of  load  on  the  ram.  Atone  point  during  the 
operation,  the  highest  psi  registered  by  the  main, 
pointer  was  slightly  over  150,  and  while  it  was 
registering  this  pressure  it  carried  the  maxi- 
mum pointer  with  it.  If  the  main  pointer  had 
registered  200,  for  example,  the  maximum 
pointer  would  be  pointing  to  5,100,  the  tons  of 
load  that  had  been  exerted  on  the  ram. 

The  spindle  of  the  maximum  pointer  extends 
through  a  small  hole  in  the  gage  face  and  has  a 
small  knob  which  screws  into  the  spindle.  By 
turning  the  knob,  the  operator  can  set  the 
-maximum-pointer .^Always  checkf  therefore,  ta 
see  if  the  main  pointer  carries  the  maximum 
pointer  along  with  it. 

Hydraulic  Bourdon  tube  pressure  gages  on 
some  naval  aircraft  are  calibrated  to  register 
from  0  to  2,000  psi;  on  others  they  register 
from  0  to  4,000  psi.  On  gages  designed  for  a 
range  of  0  to  2,000  psi,  the  dial  is  calibrated 
with  three  major  markings,  the  numerals  0, 
1,000,  and  2,000,  and  four  intermediate  gradu- 
ations for  reading  to  the  nearest  200  psi.  A 
gage  of  this  type  is  shown  in  figure  10-7. 
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Figure  10-7.—  Hydraulic  pressure  gage 
(0  to  2,000  psi  range).  >> 


On  gages  designed  for  a  range  of  0  to  4,000 
psi,  the  dial  _is  calibrated  _  with  five  major 
markings  with  numerals  0,  1,  2,  3,  and  4.  One 
major  intermediate  graduation  between  each 
numeral  and  four  minor  intermediate  markings 
between  each  major  intermediate  marking  per- 
mit reading  to  the  nearest  100  psi.  On  these 
gages  the  numeral  reading  must  be  multiplied 
by  1,000  to  obtain  the  actual  pressure  in  psi. 

DIFFERENTIAL  PRESSURE  GAGE.— A  dif- 
ferential pressure  Bourdon  tube  gage  isused  to 
measure  the  difference  in  pressure  between  two 
pressure  lines.  (See  fig.  10-8  (A).)  Like  the 
duplex  gage,  the  differential  gage  contains  two 
Bourdon  tubes  and  two  separate  connections  for 
different  pressure  sources.  Unlike' the  duplex 
gage,  the  differential^  pressure  gage  has  only 
one  pointer,  and  indicates  the  difference  in 
pressure  between  the  two  pressure  sources. 

The  Bourdon  tubes  in  a  gage  of  this  type 
are  connected  in  a  definite  manner  so  as  to  be 
able  to  record  the  difference  in  pressure  from 
the  two  sources.  The  small  Bourdon  tube 
(fig.  10-8  (B))  is  connected  to  a  stationary  base. 
Through  a  system  of  levers,  it  is  connected  to 
the  large  Bourdon  tube.  The  base  of  the  large 
ttaJT  WcfrkS^orr  a  pivot,  -strthat  thebase-ean  move- 
either  to  the^  right  or  to  the  left  at  any  time. 
The  movement  of  the  two  tubes  counteract  each 
other  until  the  pressure  in  one  tube  is  greater 
than  the  pressure  in  the  other.  Only  this 
difference  in  pressure  affects  the  linkage 


between  the  tubes  and  the  pointer;  therefore, 
the«  gage  indicates  the  difference  in  pressure 
of  the  two  sources. 

The  dial  of  the  gage  shown  in  figure  10-8 
(A)  has  the  0  located  at  the  bottom-left  and 
allows  the  pointer  to  move  only  in  one  direction 
from  0.  This  design  of  differential  pressure 
gage  should  be  used  in  systems  where  the 
pressure  from  one  source  is  always  greater 
than  that  from  the  other.  When  the  pressure 
from  either  source  may  be  greater,  a  gage  with 
<  a  0  at  the  top  of  the  dial  should  be  used.  With 
the  0  in  this' position,  the  pointer  has  freedom  of 
movement  to  the  right  or  to  the  left  of  0;  thus, 
indicating  the  source  of  the  highest  pleasure.  ' 

CAUTION:  When  a  gage  with  0  at  the  bottom 
TV  172     left  is  used,  turn  on  the  valve  to  the  high  pres- 
sure source  -first,  and  then  the  valve  to  the  low 
pressure  source.    Upon  admittance  to  the  line,  , 
pressure  from  the  low  pressure  source  will  < 
cause  the  pointer  on  the  gage  to  revert  toward  0. 

SpTraTsuid^elical  Tubes 

Two  variations  of  the  C-type  Bourdon  tube 
pressure  gage  are  the  spiral  and  the  helical. 
The  helical  is  sometimes  referred  to  as  helix. 
Both  are  made  from  tubing  with  a  flattened  cross 
section;  both  were  designed  to  provide  more 
travel  of  the  tube  tip,  primarily  for  moving 
the  recording  pen  of  pressure  recorders. 

SPIRAL  BOURDON  TUBE. -The  spiral  forrii 
of  the  Bourdon  tube  (fig.  10-9)  is  made  by 
winding  the  ordinary  Bourdon  tube  in  the  form 
of  a  spiral,  having  several  turns,  instead  of 
the  approximately  250-degree  arc  of  the  con- 
ventional Bourdon  tube.  This,  arrangement 
<  does  not  change  the  operating  principle  of  the 
,  Bourdon  tube,  but  simply  has  the  effect  of 
producing  a  tip  movement  equal  to  the  sum  of 
the  individual  movements  that  would  result 
from  each  part  of  the  spiral  considered  as  a 
simple  Bourdon  tube.  A  given  pressure,  there- 
fore, causes  greater  tip  movement  than  the 
C -shaped  Bourdon  type.  J 

HELICAL  BOURDON  TUBE. -In  the  helical 
-gage,  the.- Bourdon  tube  element  is  wound  in- 
the  form  of  a  helix,  as  illustrated  in  figure 
10-10.  This  arrangement  increases  the  tip 
travel  considerably.  A  center  shaft  is  usually 
installed .  within  the  helix,  and  the  linkage  is 
arranged  in  such  a  manner  that  the  shaft  is 
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'Figure  10-9.— Spiral  Bourdon  tube. 


HELICAL  PRESSURE  TUBE 
—  PRESSURE 


•     (DETAIL  Vl£W  OF  TYPICAL  HE1JX  ) 
<<tfTrT7>>>  .HELIX 


TIP  MOVES  HERE 


'PRESSURE 


rotated  by  the  tip  of  the  helix.    The  pointer, 
in  turn,  is  driven  through  additional  linkige  by  the 
/shaft.    This  design  transmits  only  the  circular 
part  of  the  tip  movement  to  the  pointer;  this  is 
the  movement  that  is  directly  related  to  the 
change  in  pressure. 


(SCHEMATIC) 

Figure  10-10.— Helical  Bourdon  tube  gage. 
~~  ~~  *  mAPHRAGM  GAGES 
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A  diaphragm  gage  gives  sensitive  and  reliable 
indications  of  small  differences  in  pressure.  It 
is  often  used  to  measure  air  pressure.  This  type 
of  gage  is  usually  designed  by  the  manufacturer 
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in  accordance  with  specifications  for  a  specific 
purpose  and  is  calibrated  accordingly.  This  does 
not  mean,  of  course,  that  further  adjustments 
may  not  be ,  required  when  the  gage  is  installed 
on  equipment. 

The  indicating  mechanism  of  a  diaphragm  gage 
consists  of  a  tough,  pliable,  leather  or  neoprene 
rubber  membrance  connected  to  a  metal  spring 


which  Is  attached  by  a  Simple  linkage  syslrarto- 
the  gage  pointer.  Study  the  diaphragm  gage 
illustrated  in  figure  10-1,1.  Note  the  installation 
of  the  diaphragm  in  the  gage  frame  and  the  position 
of  all  the  parts  of  the  gage.  The  size  of  the 
diaphragm  affects  the  sensitivity  in  registering 
pressure— the  larger  the  diaphragm  the  greater 
the  sensitivity. 


the  diaphragm  decreases,  the  diaphragm  returns 
toward  its  neutral  position  and  pulls  the  metal 
spring  and  pointer  with  it.  Thus,  the  reading  on 
the  scale  o  f  the'  diaphragm  gage  is  directly 
proportional  to  the^  amount  of  pressure  Exerted 
on  it  by  the  force  being  measured. 

SPRING- LOADED  PRESSURE  GAGE 


ZHO  ADJUSTING  SCREW 

'FP.176 

Figure  10-11.—  Diaphragm  pressure  gage. 

One  side  of  the4 diaphragm  is  exposed  to  the 
pressure  being  measured;  the  other  side  is  ex- 
posed to  the  atmosphere.  When  no  pressure  is  ex- 
erted against  the  diaphragm,  both  the  diaphragm 
and  the  attached  metal  spring  are  in  a  neutral 
position.  When  pressure  is  applied,  the  diaphragm 
moves  upward  forcing  the  metal,  spring  ahead  of 
it.  The  spring  is  connected  to  the  pointer  with 
a  length  of  kinkless  bead  chain.  As  the  spring 
moves  upward,  it  ,  moves  the  pointer  to  a  higher 
reading  on  the  dial.    When  the  pressure  against 


In  some  fluid'  power  systems,  the  pressure 
fluctuates  rapidly.  TheseTttuctuations  can  damage 
pressure  gages,  especially  a  delicate  instrument 
as  the  Bourdon  tube,  gage.  Gages snubbers  (dis- 
cussed 'in  the  next  section)  are  used  in  some 
systems  to  dampen  these  fluctuations;  however, 
the  spring-loaded  direct-acting  gage  is  sometimes 
used  to  measure  pressure  in  such  systems. 

In  the  spring-loaded  gage^a  piston  is  directly 
actuated  by  the  fluid  pressure  to  be  measured. 
The  piston  moves  through  a  cylinder  against  the 
resistance  of  a  spring  and  carries  a  bar  or 
indicator  with  it  over  a  calibrated  scale.  In  this 
manner  all,  levers,  gears,  cams,  and  bearings 
are  eliminated,. and  a  sturdy  instrument  can  be. 
constructed. 

Figure  10-12  shovte  the  construction  of  the  gage 
and  the  manner  in  which  it  operates.  The- parts  up 
through  the  middle  of  the  gage,  from  the  needle  at 
the  bottom  on  through  the  packing  piston  and  'rod 
to  the  button  at  the  top,  form  a  unit  that  transmits 
fluid  pressure  to  the  sleeve  against  which  the 
button  rests.  The  sleeve  surrounds  the  inner 
barrel  of  the  gage.  The  sleeve  is  fUnged  at  its 
base  to  provide  a  seat  for  a  spring  colled  arotfhd 
the  barrel  and  for  a  cup  to  which  the  indicator 
is  attached.  Fluid  pressure  compresses  the 
spring,  and  the  barrel  rises  out  of  the  body, 
carrying  the  indicator  up  with  it.  The  indicator 
moves  against  a  pressure  scale  on  the  face  of 
the  gage.  (See  fig.  10-13.)  '  ' 

the  spring-loaded  gage  is  calibrated-by  com- 
paring gage  readings  with  known  pressures.  A 
small  error  can  be  corrected  by  loo'sening  four 
screws  on  the  face  of  the  gage  and  sliding  the 
scale  up  or  down  under  the  pointer.  For  larger 
errors,  the  adjustment  screw  which  holds  the 
spring  in  place  can  be  tightened  if  the  gage  is 
reading  too  high,  or  loosened  if  the  reading  is  too 
low.  Turning  the  adjustment  screw  varies  the 
compression  of  the  spring.  A  sealing  strip  is 
provided  to  lock  the  adjustment  screw  in  place 
after  calibration.  v 
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Figure   10-12. -Spring-loaded   gage-cutaway  view. 


While  the  spring-loaded  pressure  gage  is 
satisfactory  for  ordinary  fluid  pressure  measure- 
ments, it  is  not  as  accurate  as  the  Bourdon  tube 
gage  It  is  not  a  laboratory  gage  for  exact 
readings,  but  a  sturdily  constructed  worklng-umt- 
for  practical  use.  It  is  available  in  various 
pressure  ranges  and  is  especially  recommended 
for  fluctuating  loads.  One  advantage  of  this 
type  gage  is  that  it  can  be  rebuilt  very  easily 

and  economically. 

The  gage  should  be  protected  against  vibration, 

excessive  temperatures,  corrosive  or  otherwise 


contaminated  fluids,  and  sudden  high  pressure. 
A  plug  valve  should  be  installed  between  the 
gage  and  the  system  so  .that  pressure  can  be 
applied  slowly  to  the  gage,  and  so  that  it  wil 
be  protected  -against  strain  when,  not  in  ,  actual 

use.  . 

These  gages  should  not  be  used  in  a  system 
in  which  maximum  pressure  may  exceed  the 
maximum  designated  gage  reading.  DropPrngJ 
a  gage  may  permanently  damage  the  calibrated 
units.  When  gages  are  not  in  use  they  should  be 
stowed  in  a  dry  place. 
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Figure  10-13.— Spring-loaded  gage  scale, 
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-GAGE  SNUBBERS 

The  irregularity  of  impluses  applied  to  the 
fluid  power  system  by  some  power  pumps/com- 
pressors  causes  the  gage  pointer  to  oscillate 
violently.  This  makes  reading  of  the  gage  not 
only  difficult  but  often  impossible.  Pressure 
oscillations  and  othex  .suddeiupressure  changes 
existing  in  fluid  power  systems  will  also  effect 
the  delicate  internal  mechanism  pf  gages  and 
cause  either  complete  destruction  of  the  gage  or, 
often  worse,  partial  damage,  resulting 'in  false 
readings.  A  pressure  gage  snubber  is  therefore 
installed  in  the  line, to  the  pressure  g&ge. 

—  The-pu^pose^  of-the-  snubbe-r  4s~ t o-4a*n pen  the  - 
oscillations  and  thus  provide  a  steady  reading 
and  a  protection  for  the  gage.  The  basic  com- 
ponents of  a  snubber  are  the  housing,-  fitting 
assembly  with  a  fixed  orifice  diameter,  and  a 
pin  and  plunger  assembly,  as  illustrated  in  figure 
10-14.  The  snubbing  action  is  obtained  by 
metering  fluid  through  the  snubber.  The  fitting 
assembly  orifice  restricts  the  amount  of  fluid 
that  flows  to  the  gage,  thereby  snubbing  the 
fprce  of  a  pressure  surge.  The  pin  is  pushed 
and  pulled  through  the  orifice  of  the  fitting 
assembly  by*  the  plunger,  keeping  it  clean  and 
at  a  uniform  size. 
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ASSEMBLY 
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0-RING 


HOUSING 
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s  Figure  10-14.— Pressure  gage  snubber. 

PRESSURE  CONTROL  DEVICES 

Safe  and  efficient  operation  of  fluid  power 
systems,  system  components,  and  related  equip- 
ment requires  a  means  of  controlling  pressure. 
There  are  several  different  types  of  pressure 
control  devices  used  in  fluid  pQwer  systems. 
Some  of  these  devices  are  used  to  maintain  the 
desired  pressure  in  the  system,  some  are  designed 
to  prevent  excessive  pressure  buildup  and  damage 
to  the  system,  and  some  are  used  to  reduce, 
pressure  to  one  or  more  subsystems.  For 
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example,  a  system  with  a  number  of  subsystems 
may  require  3,000  psi  to  operate  all  subsystems 
except  one,  which  requires  only  1,500  psi.  A 

'pressure  control  valve  is  used  to  maintain  the 
3,000  psi  in  the  main  system,  and  a  pressure 
reducing  valve  is  used  to  reduce  the  pressure  to 
1,500  psi  before  it  enters  the  one  subsystem. 
These  and  several  other  types  of  pressure 
control  devices  are  described  in  the  following 
sections. 

*  Most  pressure  control  valves  are  of  the  type 
which  contain  two  systems  of  moving  parts  whtye 
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joint  action  is  responsible  for  tne  operation  of 
the  valve.  As  stated  in  chapter  9,  this  type  is 
classified  as  compound  rather  than  simple. 
Some  of  the  reasons  compound  valves  are  used 
tor  the  control  of  pressure  are  explained- in 
the  next  section  under  relief  valves. 

The  manner  in  which  the  mosfrUOmplicated 
•pressure  control^ valve-  operates-  will  always 
conform  to  the  hydraulic  principles  discussed  in 
^chapter  2/  tfie^valve  will  open  or  close  because 
pressures  are  .different  over  equal  areas,  be- 
cause pressures  are  acting  over  unequal  areas, 
or  a  combination  of  both  reasons.  In  each 
instance, -inequality  of  opposed  forces  causes  the 
valve  to  open  or  close.  The  forces  may  be  set 
up  by  the  opposition  of  fluid  pressures,  or  by 
fluid  pressure  acting  against  a  mechanical 
resistance;  for  example,  the  resistance  set  up 
by  a  spring. 

Like  all  forces,  tfce  force  exerted  in  a  certain 
direction  on  the  face  of  a  valve  is  always  exerted 
on  an  area  standing  exactly  at -a  right  angle 
to  that  direction.  Thus  in  figure  10-15,  if  the 
fluid  is  undet  a  pressure  of  400  psi  and  the 
slanting  surface  (A)  has  an  area  of  10  square 
inches,  the  force  acting  in  a  slanting  direction, 
at  right^angles-talhal^urface^J^ 
The  force  acting  directly  downward  on  surface 

(A)  ,  however,  depends  upon  th£  horizontal  area 

(B)  ,  directly  beneath  (A).  If  (B)  has  an  area  of 
8  square  inches,  the  downward  force  acting 

*  6n  surface   (A)   is  3,200  pounds  (400  x  8). 


|  RELjp;  VALVES 


A  relief  valve  is  simply  a  ptosdQre  limitiiig 
device.  It  is  conu^only  used  to"  prevent  the 
pressure  of -a  confined  fluid  from  building  up 
to  a  point  at  which  the  container' would  burst. 
Since  it  is  used  to  protect  the  system  from 
excessive  pressures,  the  relief  valve  is  some- 
times referred  to  as  a  safety  valve.  The 
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Figure  10-15.— Pressure  acting 
on  a  slanted  surface.  t 


"pop-off"  valve  on  a  steam  boiler  and  the  safety 
valve  on  a  hot  water  tank  are  relief  valves. 
The  pressure  cap  on  an  automobile  radiator 
is  a  relief  valve,  used  to  prevent  pres^jjre 
from  building  up  too  high  and,  bursting  the 
radiator. 

Some  fluid  power  systems,  even  when 
operating  *  normally,  rilay  temporarily  develpp 
dangerous  excess  pressure;  for  example,  when 
an  unusually  strong  work  resistance  is  en- 
countered' Relief  valves  are,  used  to  control 
this  excess  pressure.  Their  purpose  is  ,nof 
*o  maintain  flow  or  pressure  at  a  given  amount, 
but  to  'prevent  pressure  from  rising  a£ove  a 
definite  level  when  the  system  is  temporarily 
overloaded. 

jfhe  main  system  relief  valve  must  be  large 
enough  to  allow  the  full  output  of Ifie'liydraulTc 
pump  to  be  delivered  back  to  the  reservoir. 
In  the  case  of  a  pneumatic  system,  the  relief 
valve  controls  excess\pressure  by  discharging 
the  excess  fluid  into  theaS^osphere.* 

Smaller  relief  valves,  similar  in  design  and 
operation  to,,  the  main  system  relief  valve,  are 
often  used  in  isolated  parts  of  the  system  where 
a  check  valve  or  a  directional  control  valve 
prevents,  pressure  frojn  being  relievedjhrough 
the  main  'system  relief  valve  /and^tfhere  pres-  " 
sures  must  be  relieved  at  appoint  lower  than 
that  provided  by  the  main  system  relief  valve. 
These  small  relief  valves  are  alSo  used  to'v 
relieve  pressures  caused  by  thermal  expansion 
(see  glossary)  of  the  fluids.   Since  the  amount 
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of  *fluid  to  be  reliewd.  is.small,  the  valve  can 
be  small  and  still  do  its  job.  *; 

All  relief  valves  have  adjustment*  for 
inoreasing  or  decreasing  the  pressure  at  which 
they  will  relieve.  Some  relief  valves  are 
equipped  ivith  '  an  adjusting  'screw  for  this 
•  Thp  adjusting  screw  is  unusallv 


-purpose.    'The  adjusting   -  

covered  with  a  cap,  which  mfust  He  removed 
bef6re  adjustment  can  be  made.  Some  type  of 
lacking  device,  such-  as  a  lock  nut,  is  usually 
provided  to  prevent  the  adjustment  from  changing 
through  vibration.  Other  types  of  relief  valves 
are  equipped  with-  a  handwheel  for  ymaking 
adjustments  to  the  valve.  Either  the^  adjusting 
gcrew  or  handwheel  is  turned  clockwise  to 
increase  the  pressure  at  which  the  valve  will 
relteve.  * 

A  simple  tw,o-port  relief  valve  is  showp  in 
figure  10-16,     Fluid  under  system  pressure 
enters  .port  (6)  and  pushes  upward  against 
ball  (5),    If  the  pressure  increases  to  a  point  ^ 
high  enough  to  •  overcome  the  force  of  spring 
(3),  the  Ball  will  be  pushed  off  ats  seat,  and  the 
fluid  from  the. system  can  flow  out  port  (4) 
to  return,  or  to  the  atmosphere  in. pneumatic 
systems.  When  the  system  pressure  decreases 
to  normal,  the  spring  (3)  forces*  the  ball  (5)  * 
cm  its  seat   The  adjusting  screw  (1)  increases 
orVdecreases  the  force  qi.  the  spring,  requiring 
more  or  less*  pressure  to  unseat  the  ball. 

Various  modifications  of  the  simple  relief 
valve  are  used  and  efficiently  serve  the  require-  . 
ments  of  some  fluid  power  systems.  However, 
many  systems' require  compound  relief  valves. 
For  a  hotter  Understanding  of  the  operation 
of 4  relief  valves,  some  of  the  undersirable 
characteristics. of  the  simple  relief  valve  are 
discussed  in  the  following  paragraphs. 

It  is-  because  sirfiple  relief  valves  are 
unsatisfactory  for  some  applications  that  com- 
pV^imd  relief  valves  were  developed;  A  simple  . 
re£tfef  valve,  such  as  the  one  illustrated in|igur&. 
1£>*16, ^rwtfh  a  ^suitable  ^prjLn^  adjustment  can 
be  set  so  that  it  will  opfen^  whear  the  system 
pressure  increases  to  5<S'0N  psi,  for  example, 
Vfh&i  it  does  open,  tawever,  the  volume  of 
-flow  to  be  handled  may  b§  greater  than  the 
capacity  of  the  valve,  so  that  pressure'-in^the 
system  may^ncrease  as  jnuch  as*  several 
hundred^psi  above  the  set  pressure' before  the 
valve  spring  brings  the  pressure  under  control. 
A  simple  relief  valvl  would  be  effective  under 
these  conditions  fmly  if  it  were  very  large.  In 
that  case,  however,  it  would  operate  stiffly  and 
the  valve  element  would  chatter  back  and/orth. 


'  FJU81 
4,  Refetn'tfort,'  .  '  * 


5,  Ball. 


t.  Pressure  adjusting 
screw, 

2,  Adjusting  screwcap. '    u'  >^ 

3,  Compression  spring,    6,  Pressure  ^ort;. 

'  Figure  10-16,— Simple  tyo-port  relieffvalve. 


-'« %"*'< 


„  _  to  addiffdiC&e  valve  will  not  close  un£lthe  ^ 
pressure  decreases-,  to  a  point  somewhat/Below  * 
the  opening  pressure,    ^^mdicated^h  figure; 
1^»7,  the  surface  anSa  of  the  valve  element 
must  be  larger  than  the  pressure  opepinjg  if 
the  tfalye  is  to  seat  satisfactorily,  Thespras*- 
sure  in  the  system  acts  on  the*  area  -  d  ijae, 
valve  element  opeit  to  it     In *  each  caseMri  % 
figure  10-17,  th|p  fOTce  exerted  directly  upvtjurf" 
by  system  pressure  when  the  valve  is,  closed  4 
depends  on  the  horizontal  area  acrqss  the  valve 
at  (fj.    The  mtfment  the  valve  opens,  however* 
the  upward  force  exerted  depends  on  the  horir 
20#ntal  area  of  the  valve  element  at  (B)/whicli 
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Figure  10-171— Pressure  acting  on 
different  areas. 


relief  valves  for  one  stage  of  their  action— that 
of  the  pilot  valvfe— but  provision  is  made  to  limit 
the  amount  of  fluid  that  the  pilot  valve  must* 
handle,  and  thereby  avoid  the  weaknesses  of 
simple  relief  valves.  (A  pilot  valve  is  a  small 
valve  used  for  operating  another  valve.) 

The  operation  of  a  compound  relief  valve  is  , 
illustrated  in  figure  "10-18.  In  view  (A),  the 
main  valve,  which  consists  of  a  piston,  stem* 
and  spring,  is  closed,  blocking  flow  from  the 
high-pressure  tine  to  the  reservoir.  Fluid  in 
the  high-pressure  line  flows  arJund  the  stem jof 
the  main  valves  as  it  flojrfs  to  the  actuating* 
unit  The  stem  of  the/main  valve  is  hollow 
(the  stem  passage),  iKd  contains  the  mam 


is  necessarily  greater  than  the  area  at  (A).  This 
causes  an  upward  jump  in  the  action  of  the  valve 
immediately  after  it  opens,  and  it  also  sets 
up  a  greater  force  opposed  to  the  closing  of 
the  valv.e  than '  was  required  to  open  at.  -  As 
a  result  the  valve  will  not  close  until  the 
pressure  has  decreased  to  a  ,pomt  somewhat 
lower  than  the  pressure  required  to  open  it 
The  same  pressure  acting  over  different  areas 
produces  forces  proportional  to   the  areas. 

For  example,  assume  that  a  valve  of  this 
type  is  set  to  open  at  500  psi.  (Refer  to  fig. 
10-17J  When  the  valve  is  closed,  the  pressure 
actsson  the  area  (A).  If  this  area  is  6.5  square 
inch,  an  uoward  force  of  250  pounds  (500  x0.5) 
will  be  ^wrted  on  the  valve  at  the  moment  of 
opening.  <  With  the  valve  open,  however,  the 
pressure  acts  on  the  area  at  (B).  If  the  area 
at  (B)  is  .1  square  inch,  the  upward  force  is 
^500  pounds,  or  double  the  force  at  which  the 
valve  actually  opened.  For  the  valve  to  close, 
pressure  in  the  system  would  have  to  decrease 
well  below  the  point  at  which  the  valve  opened. 
The  exact  pressure  at  which  the  valve  would 
close  depends  upon  certain  relations  of  the 
particular  shapes  of  the  valve  element  * 

In  some  hydraulic  systems,  there  is  a  pres- 
sure^ in  the  return  line.  This  "back  pressure" 
is  caused  by  restrictions  in  the  return  line  and, 
of  course,  will  vary  in  relation  to  the  amount  of 
flyicT  flowing  to  return.  This  pressure  acts  on 
the  top  of  the  valve  element  and  will  .increase 
the  force  necessary  to  open  the  valve  and  relieve 
*  ^stem  pressure.—  -  -      ^  -  — 

It  follows  that  simple  relief  valves  have  a 
tendency  to  open  and  close  rapidly  as  they 
"hunt"  above  and  below  the  setpressure,  causing 
pressure  pulsations  and  undesirable  vibrations 
and  producing  a  noisy  chatter,  tompound'relief 
valves  use  the  principle  of  operation  of  simple 


spring  which  torces  ihe  main  valve  against 
its  seat  When  the  pilot  valve  is  open*  the  dtem 
passage  allows  fluid  to  floto  from  the  pilot 
valve,  around  the  main  spring,  and  down  to  the 
low-pressure  or  return  line. 

There  is  also  a  narrow  passage  through  the 
mam  valve  piston.  This  passage  connects  the 
high-pressure    line    to    the   valve  chamber. 

The  pilot  valve  is  a  small,  ball  type,  spring- 
loaded  check  valve,  which  connects  the  top  of 
the  passage  fron\  the  valve  chamber  with  the 
passage  through  the  main  valve  stem.  The  pilot 
valve  spring  tension  can  be  adjusted  by  turning 
the  adjusting  screw.  The  pressure  at  which 
the  valve  will  relieve  depends  on  the  tension 
of  the  spring. 

Fluid  at  line  pressure  flows  through  the 
narrow  piston  passage  to  fill  the  chamber. 
.  Because  the  line  and  the  chamber  are  connected, 
*the  pressure  in  both   are   equal.     The  top 
and  bottom  of  the   main  piston  have  equal 
areas;  therefore,  the  hydraulic  forces  acting 
*  upward  and  downward  are  equal,  and  there  is 
no  tendency  for  the  piston  to  move  in  either 
9  direction.    The  only  other  force  acting  on  the 
main  valve  is  that  of  the  main  spring,  which 
holds  it  closed. 

The  pilot  valve  is  the  control  unit  Its' 
spring  is  so  adjusted  that  the  ball  will  unseat 
when  pressure  reaches  the  preset  limit.  At 
normal  operating  pressure  the  ball  remains 
seated, 

^JKhen  the  pressure  an -the  T  high-pressure 
line  increases  to  the  point  at  which  the  pilot 
valve  is  set,  the  ball  unseats,  and  opens  th^ 
valve  chamber  through  the  valve  stem  passage 
to  the  low-pressure  return  line.  (See  fig. 
10-18  (B).)  Fluid^immediately' begins  to  flow 
out  of  the  ^chamber,  much  faster  than  it  can 
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flow  through  the  narrow  piston  passage.  As  a 
result  the  chamber  pressure  immediately  drops, 
and- the  pilot  valve  begins  to  close  afeai", 
restricting  the  outward  flow  of  fluid  Chamber 
pressure  therefore  increases,  the  valve  opens, 
and  the  cycle  repeats. 

S6  far,  the  only  part  of  the  .valve  that  has 
moved  appreciably  is  the  pilot,  which  functions 
just  like  any  other  simple  spring-loaded  relief 
valve.  Because  of  the  small  size  of  the  piston 
passage,  there  is  a  severe  limit  on  the  amount 
of  relief  it  can  give  the  system.  All  the  pilot 
valve  can  do  is  limit  fluid  pressure  in  the  valve 
chamber  above  the  mam  piston  to  a  preset 
maximum  pressure,  by  allowing  excess  fluid  to 


The  valve  is  normally  located  in  the  line 
between  the  directional  control  valve  and  the 
outlet  of  a  vertically  mounted  actuating  cylinder 
which  supports  weight  or  must  be  held  in  posi- 
tion for  a  period  of  time.  The  counterbalance 
valve  serves  as  a,  hydraulic  resistance  to  the 
actuating  cylinder.  For  example,  counterbalance 
valves  are  used  in  some  hydraulically  operated 
fork  lift§.  The  valve  offers  a  resistance  to  the 
flow  from  the  actuating  cylinder  when  the  fork 
is  lowered,  It  also  helps  to  support  the  fork  in 
,  the  UP  position. 

Counterbalance  valves  are  also  used  in  some 
late  model  air  launched  weapons  loaders*  In 
this  case,  the  valve  is  located  in  the  top  of  the 


flow  through  the  piston  passage,  through  the  lilt  cylinder.-  The  valve  requucs  250  poi  to 


valve  chamber,  and  through  the  stem  passage 
into  Jthe  return  line.  When  pressure  in  the 
system  increases  to  a  value  which  is  above  the 
flow  capacity  of  the  pilot  valve',  the  mam  valve 
opens,  permitting  excess  fluid  to  flow  directly 
to  return.  This  is  accomplished  in  the  following 
manner. 

As  system  pressure  increases,  the  upward 
.force  on  the  mam  piston  overcomes  the  down- 
ward force,  which  consists  of  the  tension  of 
the  main  piston  spring  and  the  pressure  of  the 
fluid  in  the  valve  chamber.  (See  fig,  10-18  (C),) 
The  piston  then  rises,  unseating  the  stem,  and 
allows  the  fluid  to  flow  from  the  system  pres- 
sure line  directly  into  the  return  line.  This 
causes  system  pressure  to  decrease  rapidly, 
since  the  main  valve  is  designed  to  handle  the 
complete  output  of  the  pump.  When  the  pressure 
returns  to  normal,  the  pilot  spring  forces  the 
ball  on  the  seat.  Pressures  are  then  equal 
above  and  below  the  mam  piston,  and  the  mam 
spring  forces  the  valve  to  seat 

As  can  be  seen,  the  compound  valve  over- 
comes the  greatest  limitation  of  a  simple  relief 
valve  by  limiting  flow  through  the  pilot  valve 
to  such  quantities  as  it  can  satisfactorily  handle. 
This  limits  the  pressure  above  the  ijtain  valve, 
aiid  enables  the  main  line  pressure  to  open  the 
mam  valve.  In  this  way,  the  system  is  relieved 
when  an  overload  exists, 

COUNTERBALANCE  VALVES  , 

The  purpose  of  a  counterbalance  valve  is  to 
permit  free  flow  of  fluid  in  one  direction  'and 
to  maintain  a  resistance  to  flow  in  the  other 
direction  until  a  certain  pressure  is  reached. 


lower  the  load.  If  adequate  pressure  is  not 
available,  the  load  cannot  be  lowered,  thus 
preventing  collapse  of  the  load  due  to  any 
malfunction  of  the  hydraulic  system. 

One  type '  of  counterbalance  valve*  is  illus- 
trated in  figure  10-19.  The  valve  element  is  a 
balanced  spool  valve  (4).  The  spool  valve  con- 
sists of  two  pistons  permanently  fixed  on  either 
end  of  a  shaft  The  inner  surface  areas  of  the 
pistons  are  equal;  therefore,  pressure  acts 
equally  on  both  areas  regardless  of  the  position 
of  the  valve,  and  has  no  effect  on  the  movement 
of  the  valve— hence^  the  term  balanced.  The 
shaft  area  between  the  two  pistons  provides 
the  area  for  the  fluid  to  flow  when  the  valve  is 
open.  A  small  pilot  valve  is  attached  to  the 
bottom  of  the  spool  valve. 

When  the  .valve  is  in  the  closed  position, 
the  top  piston  of  the  spool  valve  blocks  the 
discharge  port  (8).  With  the  valve  in  this  posi-  4 
tion,  fluid,  flowing  from  the  actuating  unit, 
enters  the  inlet  port  (5).  The,  fluid  cannot  flow 
through  the  valve  because  the  discharge  port 
(8)  is  blocked.  However,  fluid  will  flow  through 
the  pilot  passage  (6)  to  the  small  pilot  piston. 
As  the  pressure  increases,  it  acts  on  the  pilot 
piston  until  it  overcomes  the  preset  pressure 
of  spring  (3)/  This  forces  the  spool  up  and 
allows  the  fluid  to  flow  around  the  shaft  of  the 
spool  valve  and  out 4  the  discharge  port  (8), 
Figure  10-19  shows  the  valve  in  this  position. ' 

During  reverse  flow,  the  fluid  enters  port 
(8).  The  spring  (3)  forces  the  spool  valve  (4)  to 
the  closed  position.  The  fluid  pressure  over- 
comes the  spring  tension  of  check  valve  (7),  The 
check  valve  opens  and  allows  free  flow  around 
the  shaft  of  the  spool  valve  and  oitt  port  (5), 
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SEQUENCE  VALVES 

As  described  in  chapter  9,  the  orifice  check* 
valve  is  sometimes  used  to  control  the  sequence 
of  operation  in  one  direction  of  two  or  rapre 
actuating  devices*.  Some  fluid  power  .systems 
require  a  more  positive  means  of  controlling 
the  sequence  of  operation.  A  sequence  valve  is 
used  itf  these  cases.  *As  the  name  implies,  a 
sequence  valve  is  used  to  control  a  sequence  .of 
operations;  that  is,  enable  one  unit  to  automat-  ' 


1.  Adjustment  screw* 

2.  Internal  drain, 

3.  Spring. 

4.  Spool. 

5.  Pressure  inlet  or 
reverse iree  flow  • 
outlet. 


6.  Pilot  passage. 

7.  Check  valve.  . 

8.  Discharge  outlet 
or  reverse  free 
flow  inlet. 
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Figure  10-19.— Counterbalance  valve. 


The  operating  pressure  of  the  valve  can  be 
adjusted  by  tufning  the  adjustment  screw  (1), 
which  increa^s  or  decreases  the  tension  of  the 
spring.  THisjadjustment  depends  on  the  weight  _ 
that  the  valve -must  support. 

It  is  ndrmal  fpr  small  amounts  of  fluid  to 
Jeak  arpund  the  top  piston  of  the  spool  valve 
and  into  the  area  around  the  spring  (3).  An 
accumulation  would  cause  additional  pressure 
on  the  top  of  the  spool  valve.  This  would  require 
'additional  pressure  to  open  the  valve.  The  drain 
(2)  provides  a  passage  for  this  fluid  to'flow  to 
port  (8). 


ically  set  another  unit  into  motion.  An  example 
of  .the  use  of  a  sequence  valve  is- in  an  aircraft 
landing  gear  actuating  system. 

In  a  landing  gear  actuating  system  Jh$ 
landing  gear  doors  must  open  before  the  landing  : 
gear*  starts  to  extend.  Conversely,  the  landing 
gear  must  be  completely  retracted'before  the 
doors  close.  A  sequence  valve  installed  in  each 
landing  gear  actuating  line  performs  this 
function.  ^ 

Figure  10-20  shows  an  installation  of  two 
sequence  valves  which  control  the  sequence  of 
operation  of  three*  actuating  cylinders.  Fluid 
from  the.  directional  control  valve  is  free  to 
flow  into  cylinder  (A).  The  first  sequence  valve 
(1)  blocks  the  passage  of  fluid  until  the  piston  in\ 
cylinder  (A)  moves  to  the  end  of  its  stroke.  At v 
this  time,  sequence  valve  (1)  opens,  allowing 
Huia  to  enter  cylinder  (B).  This  action  continues* 
until  all  three  piston?  complete  their  strokes. 
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Figure  10-20.— Installation  of  sequence 
valves. 
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There  are  vartous  types  of  sequence  valves. 
Some  are  pressure  controlled  and  some'  are 
mechanically  controlled.  One  type  of  sequence 
valve  operates  similar  to  the  counterbalance 
valve  just  described..  In  fact,  valves  are  avail- 
able which  can  be  utilized  as  either  a  counter- 
balance valve  or  sequence  valve.  Two  types  of 
sequence  valves  are  described  m  the  following 
paragraphs.  The  first  is  pressure  controlled 
and  the  second  is  mechanically  controlled. 

Pressure  Controlled 
Sequence  Valve 


The  operation  uf  a  typical  pressure  cnn-  L  (5)  to  the  secondary 


setting,  the  force  acting  upward  against  this 
surface  area  of  the  piston  is  less  toan.the  down- 
ward force  of  the  spring  (2).  Thirf  holds  the 
piston  down  and  the  valve  is  in  the  closed 
position  as  shown  in  figure  10-21  (A). 
•   When  the  primary  actuating  unit  completes 
its  operation,  pressure -.in  the  line  to  toe 
actuating  unit  increases  and,  therefore,  toe 
pressure  in  toe  valve  increases.  When  toe 
pressure  increases  sufficiently  to  overcome  toe 
force  of  spring  (2),  piston  (1)  rises.  The  vaWe 
is  then  in  toe  open  position,  as  shown  m  figure 
10-21  (B).  The  fluid  entering  toe  valve  takes 
the  path  of  least  resistance  and  flows  through 
J — -unit  ■ — 


trolled  sequence  valye  is  illustrated  in  figure 
10-21.  The  opening  pressure  is  obtained  Dy 


(A) 

1.  Piston. 

2.  Spring. 

3.  Entrance  port. 

4.  Outlet-port  to  pri- 
mary unit. 


A  dram  passage  (6)  is  provided  to  allow  any 
fluid,  which  leaks  past  the  piston,  to  flow  from 
the  top  of  toe  valve.  In  toe  case  of  hydraulic 
systems,  this  drain  line  is  usually  connected  to 
the  main  return  line.  TMse  valves  usuaUy 
contain  a  check  valve  to  aflSw  free  reverse  flow 
from  toe  actuating  units.  However,  the 
Sequencing  action  is  provided  in  only  one  direc- 
tion of  flow. 

Mechanically  Operated 
Sequence  Valves 

Figure  10-22  illustrates  a  mechanically 
operated  sequence  valve.  This  valve  is  operated 
bv  toe  in  and  out  movement  of  toe  plunger 
which  extends  through  toe  b.ody  of  the  valve. 


Outlet  port  to 
secondary  unit 
Drain.  ' 
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Figure  10-21. -Operation  of  pressure 
controlled  sequence  valve. 

adjusting  toe  tension*  of  spring  (2),' which 
normally  holds  toe  piston  (1)  in  toe  closed 
position:  Note  -  that  toe  top  part  o  toe  piston 
has  a  larger  diameter  than .  toe  lower  part 
Fluid  from  toe  directional-control  ^alve  entgrs. 
port  (3),  flows  around  toe  lower  part  of  toe 
piston  1)  and  enters  toe  outlet  port  (4),  where 
it  flows  to  the  first  (primary)  unit  to  Be  oper- 
ated This  fluid  pressure  acts  against  toe  lower 
surface  of  toe  larger  part  of  toe  piston  When 
toe  pressure  of  toe  fluid  is  below  toe  adjusted 
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Figure  10-22.-Mechanically  operated 
sequence  valve. 
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The  plunger  is  held  in  the  extended  position  by 
a  spring.  The  valve  is  mounted  so  that  the 
plunger  will  be  depressed  by  the  primary  unit 

A  clieck  valve  is  incorporated  between  the 
fluid  pprts  in  the  body.  The  check  valve,  either 
a  ball  or  a  poppet,  is  held  against  the  seat  by 
a  spring.  The  check  valve  is  unseated  either  by 
the  plunger  as  it  is  depressed  into  the  valve  or 
by  fluid  under  pressure  entering  port  (B). 


displacement  pumps,  which  contaiir  a  pressure 
regulating  device  as  described  in  chapter  8. 
Although  manufacturers  are  leaning  more 
toward  the  use  of  variable  displacement  pumps, 
there  are  many  closed-center  hydraulic  systems 
that  utilize  constant  displacement  pumps  and, 
therefore,  require  a  pressure  regulator,  (Open- 
and  closed-center  hydraulic  systems  are  de- 
scribed in  chapter  4.) 


Port  (A)  and  the  actuator  of  the  primary 
unit  are  connected^  with  a  common  line  from 
the  directional  control  valve.  Port  (B)  is  con- 
nected with  a  line  to  the  -a  equator  of  the 
•  secondary  unit  When  fluid  wider  pressure  flows 
from  the  directional  control  valve  to  the  primary 
•  unit,  it  also  flows  through  port  (A)  to  the  seated 
check  valve  in  the  sequence  valve.  In  order  to 
operate  the  secondary  unit,  the  fluid  must  flow 
through  the  sequence  valve.  The  valve  is  located 
in  such  a  position  that  the  primary  unit,  as  it 
completes  its  operation,  tyill  depress  the 
plunger.  The  plunger  unseats,  the  check  valve 
and  allows  the  fluid  to  flowr  through  the  valve, 
out  port  (B),  and  to  the  secondary  unit 

This  type  sequence  valve  permits  flow  in 
the  opposite  direction*  ^luid  enters  port  (B) 
and  flows  to  the  check  ^tlve.  Although  this  is 
return  flow  from  the  actuating  unit,  the  fluid  is 
under  sufficient  presstire  to  overcome  spring 
tension  and  unseat  the  check  valve  and  flow  out 
through  port  (A). 

PRESSURE  REGULATORS 

As  the  term  implies,  pressure  regulators 
are  used  in  fluid  power  systems  to  regulate  the 
pressure.  In  pneumatic  systems,  the  valve 
commonly  referred  to  as  a  pressure  regulator 
serves  to  reduce  pressure.  This  type  valve  is 
discussed  later  in  this  chapter  under  pressure 
reducing  valves.  /The  pressure  switch,  also 
described  later,  'fe  often  used  in  pneumatic 
systems  to  regulate  pressure.  The  pressure 
regulator  described  in  the  following  paragraphs 
is  utilized  in  hydraulic  systems. 

Pressure  regulators,  often  referred  to  as 
unloading  valves,  are' used  in  hydraulic  systems 
to  unload  the  pump  and  to  maintain  and  regulate 
system  pressure  between  the  maximum  and 
minimum.  All  hydraulic  systems  do  not  require 
pressure  regulators.  The  open-center  system 
does  not  require  a  pressure  regulator.  Many 
systems   are  equipped  with  variable 


'  Pressure  regulators  are  made  in  a  variety 
oi  types  by  various  manufacturers;  however, 
the  basic  operating  principles  of  all  regulators 
are  similar  to  the  one  illustrated  in  figure 
10-23.  View  (A)  shows  the  regulator  in  the  cut- 
in  position  and  view  (B)  in  the  cutout  position. 

A  regulator  is  said  to  be  in  the.  cut-in  posi- 
tion when  it  is  directing  fluid  under  pressure 
nnto  the  systen>.  In  the  cutout  position,  the  fluid 
in  the  system  after  the  regulator  is  trapped  a£ 
the  desired  pressure,  and  the  fluid  from  the 
pump  is  bypassed  into  the  return  line  and  back 
to  the  reservoir.  To  prevent  constant  cutting  in 
and  cutting  out  (chatter),  the  regulator  is  de- 
signed to  cut  in  at  a  pressure  somewhat  lower 
thah  the  cutout  pressure.  This  difference  is 
known  <as  differential  or  operating  range.  For 
example,  assume  that  a  pressure  regulator  is 
set  to  cut  in  when  the  system  pressure  drops 
below  600  psi,  and  cut  out  when  the  pressure 
rises  above  800  psi.  The  diff erential  or 
operating  range  is  200  psi.  .  ^ 

Referring  to  figure  10-23,  assume  that  the 
piston  (5)  has  an  area  of  1  square  inch,  the 
steel  ball  of  the  bypass  valve  (1)  has  a  cross- 
sectional  area  of  one-fourth  square  inch,  and 

*  the  piston  spring  (6)  provides  600  pounds  of 
force  pushing  the  piston  down.  When  the  pres- 
sure in  the  system  is  less  than  600  psi,  fluid  " 
from  the  pump  enters  the  input  port  (2),  flows 
to  the  top  of  the  regulator,  and  to  the  check 
valve  (3).  When  the  pressure  of  this  input  fluid 
increases  to  a  value  above  the  pressure  of  the 
fluid  in  the  system  side  of  the  check  valve  and 

.the  force  of  the  check  valve  spring,  the  check 
valve  opens  and  fluid  flows  into  the  system  and 
to  the  bottom  of  the  regulator  against  the  piston 
(5).  Until  the  pressure  is.  great  enough  to  force 
the  piston  upward  and  unseat  the  ball,  the  fluid 
is  directed  through  the  system  connection  port 
(4)  to  the  system.  The  regulator  is  then  in  the 
cut-in  position,  as  shown  in  view  (A)  of  figure 
10-23. 
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^  CHAPTER  4 

FUELS  AND  LUBRICANTS 


Fuels  and  lubricants  for  gasoline  and  diesel 
engines  arc  byproducts  of  petroleum.  Pptrn- 


we  get  most  of  our  diesel  fuel,  are  given  off 
npxt.  After  the  gas-oil  has  been  collected,  lubri- 


leum,  often  called  crude  oil,  means  "rock  oil." 
Petroleum  products  include  gasoLine,  kerosene, 
diesel  fuel,  lubricating  oils,  gear  lubricants  and 
greases.  Many  different  products  are  added  t<? 
the  raw  byproducts  to  obtain'  a  fuel  or  lubricant 
that  will  perform  efficiently  in  modern  equip- 
ment. 

Fuels  and  lubricants  may  be  contaminated 
by  dirt,  rust,  water,  or  by  accidental  combina- 
tion with  other  types  of  petroleum  products. 
Avoidihg  such  contamination  is  vital  if  the 
products  are  to  serve  the  purposes  for  which 
they  are  intended.  DIRT  and  WATER  in  fuels 
and  lubricants  are  primary  causes  of  premature 
engine  failure,  CLEANLINESS  in  handling  fuels 
and  lubricants  cannot  be  overemphasized. 

REFINING  CRUDE  OIL 

Crude  oil  would  ruin  an  engine  if  the  im- 
purities were  not  removed.  The  impurities  are 
removed  by  the  refining  process  which  also  ' 
separates  the  oil  into  various  petroleum  pro- 
ducts. (See  fig.  4-1.) 

You  have  seen  a  teakettle  boil.  Heating  the 
water  in  the"  kettle  changes  it  to  gas  or  vaptJr 
in  the  form  of  steam  at  a  certain  temperature. 
Many  kinds  of  liquids  change  to  gades,  or  are 
said  to  VAPORIZE,  at  different  temperature**. 
Heating  petroleum,  which  is  a  mixture  of  liquids, 
will  change  the  liquids  to  gases  one  by  one. 
Cooling  changes  each  gas  back  to  liquid  form 
through  condensation.  This  process  of  separating 
"  substances  Jrom  one  another  is  called  DIS- 
TILLATION. -  -    -  -    -  - 

Distillation  drives  gasolene  vapors  from  the 
crude  ojl  .first,  because  gasoline  has  a  lower 
boiling  point  and  vaporizes  before  other  petro- 
leum products.  Substances  with  higher  boiling 
joints,  like  kerosene  and  the  g^s-oil  from  which 


-eating  oils  are  distilled,  the  lightest  first 
(lube  distillates),  and  then  the  heavier  ones 
(commonly  called  bottoms). 

You  will  hear  also  about  propane  and  butane 
fuels,  which  are  byproducts  of  natural  gas. 
(Notice  in  figure  4-1  that  gas  is  taken  from  a 
davity  in  the  earth  that  is-  between  the  oil  and 
the  rock  formation  just  above  the  oil.)  These 
liquids  must  be  collected  and  stored  under 
pressure  because  they  change  into- gas  when 
released  to  the  atmosphere.  Liquid  propane 
becomes  a  gas  at  a  temperature  of  -43°  F; 
liquid  butane,  at  33°  F.  Although  seldom  used 
as  a  fuel  for  automotive  equipment,  small 
amounts  of  these  liquid  gases  have  been  used 
to  start  engines  in  very  told  climates.  Some 
manufacturers  believe  that  internal  combustion 
engines  can  operate  more  economically  with  bu- 
tane fuel  than  with  gasoline.  Gasoline  and  diesel 
oil,  however,  continue  to  be  the  most  efficient 
fuels  for  internal  conibustion  engines. 

PROPERTIES  OF  GASOLINE  «' 

Gasoline  contains  carbon  and  hydrogen  in 
such  proportions  that  the  gasoline  burns  freely 
and  liberates  HEAT  ENERGY.  It  evaporates  at 
ordinary  temperatures.  Because  gasoline  va- 
pors are  heavier  than  air,  they  sink  to  the 
ground.  To  decrease  the  fire  hazard  of  having 
the  gasoline  vapors  in  a  confined  place  where 
spontaneous  combustion  could  take  place,  the 
enclosure  in  which  gasoline  is  used  SHOULD 
BE  THOROUGHLY  VENTILATED  THROUGH 
OPENINGS  NEAR  THE  FLOOR.  . 
—IT  all~the  potential  "heat  energy  contained"  in 
a  gallon  of  gasoline  could  be  converted  into 
work,  a  motor  vehicle  could  run  hundreds  of 
miles  on  each  gallon.  However,  only  a  small 
percentage  of, this  heat  energy  is  converted 
into  mechanical  energy  by  the  engine. 
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Figure  4-1.— Typical  chart  tracing  crude  oil  from  well  to  finished  product. 
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Most  authorities  consider  the  power  losses 
within  the  engine  to  be  as  follows: 


Engine 

Cooling  System 
Exhaust  Gases 
Engine  Friction 


Percent  of  Power  Loss 

35 
35 

5  to  10- 


Total  75  to  80 


) 


The  question  of  what  is  ideal  gasoline  is 
more  theoretical  than  practical.  Every^nanu- 
facturer  recommends  the  octane  rating  of  the 
gasoline  he  feels  is  best  for  the  engines  he 
produces.  Besides  .engine  design,  factors 'like 
the  weight  of  tl>e  vehicle,  the  terrain  and  high- 
ways over  which  it  is  to  be  driven,  and  the 
climate  and  altitude  of  the  locality  also  deter- 
mine what  gasoline  is  best  to  use.  All  other 
factors  being  equal,  these  may  be  considered 
as  some  of  the  properties  of  .the  best  gasoline: 
good  antiknock  quality,  a  minimum  content  of 
foreign  matter,  a  volatility  which  makes  starting 
easy  and  allows  smooth  acceleration  and  econo- 
mical operation. 


VOLATILITY 

The  blend  ofa  gasoline  determines  its  VOLA- 
TILITY— that  is,  its  tendency  tfo  change  from  a 
liquid  to  a  vapor  at  any  given  temperature.  The 
rate  of  vaporization  increases  as  the  tempera- 
ture of  the  gasoline  rises. 

No  standard  for  gasoline  volatility  m^ets  all 
engine  operating  requirements.  The  volatility 
must  be  high  ehough  for  easy  starting  and  ac- 
celeration. Ordinarily  the  proper  starting  mix- 
ture is  about  15  parts  of  air  to  1  part  of  fuel, 
but* in  very  cold  weather  more  fuel  must  be  ad- 
mitted to  the  cylinders  through  the  use  of  the 
choke'  in  the  carburetor  for  quicker  starting. 
In  polar  regions,  a  gasoline  of  higher  volatility 
makes  starting  easier;  it  also  helps  keep  the 
crankca^e  from  becoming  diluted  by  gasoline 
seeping  past  the  piston  and  the  piston  rings 
while  the  engine  is  being  choked. 

On  the  other  hand,  a  gasoline  of  low  volatility 
brings  about  better  fuel  ecohomy  and  combats 
VAPOR  LOCK  (the  formation  of  vapor  in  the  fuel 
lines  in  a  quantity  sufficient  to  block  the  flow 
of  gasoline  through  the  system).  In  the  summer, 
and  in  hot  climates,  especially,  fuels  with  low 
volatility  lessen  the  tendency  towardvapor  lock.. 
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PURITY 

Engine  efficiency  depends  to  some  extent  on 
the  PURITY  of  gasoline.  Gums  and  sulfur  are 
removed  from  crude  oil  in  the  refiningprocess. 
Gums  in  gasoline  cause  sticking  valves  and  form 
hard  baked  surfaces  within  the  cylinders.  Sulfur 
unites  with  water  to  form  sulfuric  acid,  which 
corrodes  engine  parts.  Modern  refining  pro- 
esses  have  reduced  the  sulfur  and  other  foreign 
matter  content  of  gasoline,  thus  minimizing  the 
damage  to  engine  parts  as  well  as  cutting  down 
engine  maintenance. 

ANTIKNOCK  QUALITY  AND  

DETONATION  » 

Reviewing  the  process  of  combustion  in  chap- 
ter 2  will  help  you  understand  the  ANTIKNOCK- 
quality  of  gasoline.  When  any  substance  burns, 
its  molecules  and  those  of  the  oxygen  in  the  air 
around  it  are  set  into  motion,  producing  heat 
that  unites  the  two  groups  of  molecules  in  a 
rapid  chemical  reaction.  In  the  combustion 
chamber  of  an  engine  cylinder,  the  "gasoline 
vapor' and  oxygen  in  the>air  are  ignited  and  burn. 
They  combine,  and  the  molecules  begin  to  move 
about  very  rapidly,  as  the  high  temperatures  of 
combustion  are  reached.  This  rapid  movement 
of  molecules  provides  the  push.on  the  piston  to 
force  it  downward  on  the  power  stroke. 

'In  the  modern  high  compression  gasolifie 
engines  the  air-fuel  mixture  tends  to  ignite 
spontaneously  or  to  explode  instead  of  burning 
rather  slowly  and  uniformly.  The  result  is  a 
knock,  a  ping,  or  a  DETONATION.  In  detonation 
the  spark  from  the  spark  plug  starts  the  fuel 
mixture  burning,  and  the  flame  spreads  through 
the  layers  of  the  mixture,  very  quickly  com- 
pressing and  heating  them.  The  last  layers  be- 
come so  compressed  and  heated  that  they  explode 
violently.  The.  explosive  pressure  strikes  the 
piston  head  and' the  walls  of  the  cylinder  and 
causes  the  knock  you  hear  in  the  engine.  It<s 
the  fuel,  not  the  engine  that  knocks.  Besides 
being  an  annoying  sound,  persistent  knocking 
results  in  engine  overheating,  loss  of  power, 
and  increased  fuel  consumption.  It  causes  severe 
shock  to  the  spark  plugs,  pistons,  connecting 
-rods,  "and  the  crankshaft.  To  slowdown  this 
burning  rate  of  the  fuel,  a  fuel  of  a  higher  octane 
rating  must  be  used. 
OCTANE  RATING 

The  property  of  a  fuel  to  Resist  detonation 
is  called  its  antiknock  or  OCTANE  rating.  The 


octane  rating  is  obtained  by  comparing  the  anti- 
knock qualities  of  gasoline  in  a  special  test  en- 
gine. In  the  test  engine,  the  compression  can 
be  raised  or  lowered,  and  other  engine  controls 
are  provided  to  make  the  engine  knock  or  deto- 
nate. Two  separate  fuel  chambers  are  also  pro- 
vided, with  a  rapid  means  of  changing  from  the 
fuel  being  tested  to  the  standard  reference  fuel. 
This  reference  fuel  consists  of  a  mixture  of 
iscoctane,  which  has  a  very  ,high  antiknock 
rating,  and  heptane,  which  produces  a  pro- 
nounced knock.  The  octane  rating  of  a  gasoline 
being  tested  is  the  percentage  by  volume  of  iso- 
octane  that  must  be  mixed  with  normal  heptane 
in  order  to  match  the  knocking  of  the  gasoline 


 in  -UrUBt  u,>    limn  i.    vnv    n    =    

being  tested.  Octane  numbers  range  from  5U  to 
over  100;  A  number  higher  than  100  indicates 
that  .the  antiknock  value  is  greater  than  that 
of  iso-octane. 

The  octane  rating  of  gasoline  can  be  raised 
in  two  ways:  by  mixing  it  with  another  fuel  or 
by  treating  it  with  a  chemical.  While  alcohol 
and  benzol  can  be  added  to  improve  the'  anti- 
knock rating  of  a  gasoline,  their  use  will  re- 
duce the  heat-producing  value  of  the  fuel,  in 
this  country,  where  alcohol  and  benzol  are  not 
commonly  used  for  fuel,  a  chemical  is  added 
to  gasoline  to  improve  its  octane  rating. 

The  best  chemical' for  this  purpose  is  tetra- 
ethyl  lead  compound,  which  is  added  to  the  gaso- 
.   line  with  ETHYL  FLUID.  In  addition  to  the  tetra- 
ethyl.lead,  ethyl  fluid  contains  other  chemicals 
*  that  prevent  lead  deposits  from  forming  within 
the   engine.   Lead  oxide  causes  considerable 

■»  corrosion.  „  . ,  . 

The  LEAD  CONTENT  of  ethyl  fluid  is  very 
poisonous.  Ethyl  gasoline  should  be  used  only 
for  engine  fuel  and  for  no  other  purpose.  It 
should  never  be  used  as  a  cleaning  agent. 

'  i  An  engine  which  does  not  knock  on  a  low 
octane  fuel  will  not  operate  more  efficiently 
by  using  a  fuel  of  high  octane  rating.  An  engine 
which  knocks  on  a  given  fuel  should  use  one  of 
a  higher  rating.  If  a  higher  octane  fuel  does 
not  stop  the  knocking,  some  mechanical  adjust- 
ments are  probably  necessary.  Retarding  the 
spark  so  that  the  engine  will  fire  later  may 
end  knocking.,  However,  an  engine  operating  on 
retarded  spark  will  use  more  fuel  and  will  over- 
heat. It  may  be  less  expensive  to  use  a  higher 
priced,  high-octane  gasoline  with  an  advanced 
spark  than  to  use  a  cheaper,  low-octane  gasoline 
with  a  retarded  spark. 

Besides  a  spark  which  is  too  advanced,  a 
lean  fuel  mixture,  a  defective  cooling  system, 
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or  preignition  also  may  be  responsible  for  knock-  > 
ing.  Preignition  should  not  be  confused  with  f 
engine  knock  itself,  which  occurs  late  in^the 
conbustion  process,  after  the  spark  has  occured. 
In  preignition  the  air-fuel  mixture  begins  to 
burn  before  the  spark  occurs.  This. condition 
may  be  cuased  by  an  overheated  exhaust  valve 
head,  hot  spark  plugs,  or  glowing  pieces  of 
►  carbon  within  the  combustion  ci^moen  iiuigure 
4-2  you  see  th^  diagrammed  course  of  the  air- 
fuel  mixture  in  the  cylinder  under  circumstances 
of  preignition  and  detonation,  as  well  as  in 
normal  combustion. 


NORMAL 


DIESEL  FUEL 

Diesel  fuel  is  heavier  than  gasoline  because 
it  is  obtained0  from  the  residue  of  the -crude  oil 
after  the  more  volatile  fuels  have  been  removed. 
As  with  gasoline,  the  efficiency  of  a  diesel  fuel 
varies  with  the  type  ofengineinwhichit  is  used. 
By  distillation,  cracking,  and  blending  of  sev- 
eral oils,  a  suitable  diesel  fuel  can  be*  obtained 
for  almost  all  engine  operating  conditions,  "Slow 
sjSieed  diesels*use  a  wide  variety  of  heavy  fuels; 
high  speed  diesel  engines  require  a  lighter  fuel. 
Using  a  poor  or  an  improper  grade  of  fuel  can 
cause  hard  starting,  incomplete  combijgtiqn,  a 
smoky  exhaust,  and  engine  knocks.  * 

The  properties  to  be  considered  in  selecting 
a  fuel  for  a  diesel  engine  are  VOLATILITY, 
CLEANLINESS,  VISCOSITY,  IGNITION  QUAL-, 
ITY,  AND  ANTIKNOCK  QUALITY. 

'  VOLATILITY 

*  «* 
The  volatility  of  a  diesel  fuel  is  measured 
by  the  90  percent  distillation  temperature.  This 
is  the  temperature  at  which  90  percent  of  a:, 
sample  of  the  fuel  has  been  distilled  off.  The 
lower  this  temperature,  the  higher  the  volatility 
of  the  fuel.  In  small  diesel  engines,  a  fuel  of 
-high  volatility-  is  more  necessary  than,  in  large 
engines  if  there  is  tb  be  low  fuel'consumption, 
low  exhaust  temperature,  and  little  exhaust 
smoke. 


) 


DETONATION 


PREIGNITION 


Figure  4-2.— Combustion  process. 
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CLEANLINESS 

Cleanliness  of  diesel  fuel  is  very  important. 
Fuel  should  not  contain  more  than  a  trace  of 
foreign 'substances;  otherwise,  fuel  pump  and 
injector  difficulties  will  develop.  Because  it  is 
heavier  and  more  viscous,  diesel  fuel  will  hold 
dirt  particles  in  suspension  for  longer  periods 


ERLC 


than  will  gasoline,'  In  the  refining  process,  not 
all  foreign  matter  can  be  removed,  and  harm- 
ful matter  like  dirt  and  water  can  get  into  the 
fuel  while  it  is  being  handled.  Water  especially 
will  rust  an  engine.  Water  will  also  cause  hard 
starting!  and  misfiring.  Dirt  will  clog  injectors 
and  spr^y  nozzles  and  may  'cause  an  engine  to 
misfire  £r  stop,  altogether. 


54 


81 


<   Chapter  4- FUELS  AND  LUBRICANTS 


JET  PROPULSION  FUELS  (JP) 

* .  Primarily,  jet  propulsion  fuels  (JP)  are  for 
use  in  jet  engines.  However,  some  type&of  mili- 
tary equipment  are  being  equipped  with  multi- 
fuel  engines  designed  to  use  several  different 
types  of  fuel  Including  JP  fuels. 

VISCOSITY 

The  viscosity  of  fuel  is  the  measure  of  its 
resistance  to  flow.  Viscosity  is  expressed  by 
the -number  of  seconds  required  for  a  certain 
volume  of  fuel,  to  flow  tnrough  a  nole  ot  a  cer- 
tain  diameter  at  a  given  temperature.  The  vis- 
cosity of  diesel  fuel  must  be  low  enough  to  flow 
freety  at  low  temperatures,  yet  high  enough  to" 
lubricate  the  pumtf  and  injector  plungers  prop- 
erly and  lessen  the  possibility  of  leakage  at  the 
pump;  plungers  and  dribbling  at  the  injectors. 
Viscosity  is  measured  by  an  instrument  called 
the  SAYBOLT  V1SCOSIMETER  and  is  express- 
ed m  SAYBOLT  SECONDS,  UNIVERSAL  (SSU). 

IGNITION  QUALITY  '  ' 

The  ignition  quality  of  a  diesel  fuel  is  its 
ability  to  ignite  when  it  is  injected  into  the  com- 
pressed air  -within  the  engine  cylinders.  Ignition 
quality  is  measured  by  the  CETANE  RATING 
of  the  fuel.  A  cetane  number  is  obtained  by 
comparing  the  ignition  quality  of  a  given  diesel 
fuel  with  that  of  a  reference  fuel  of  known 
cetane  number  in  a  test  engine.  This  reference 
fuel  is  a  mixture  of  alphamethylnapthalene, 
which  is  difficult  to  ignite  alone,  and  cetane, 
which  will  ignite  readily  at  temperatures  and 
pressures  comparable  to  those  in  the  cylinders 
of  a  diesel  engine.  The  cetane  rating  indicates 
the  percentage  of  cetane  in  a  reference  fuel 
which  will  just  rmatch  the  ignitiorP'quality  of 
the  fuel  being  tested.  The  higher  cetane  numbers  * 
indicate  more  efficient  fuels.  The  large  slow 
diesels  can  use  30  cetane  fuel,  but  the  high 
speed  diesels  must  use  at  least  a  40  cetane 
fuel,  while  some  require  as  high  as  a  60  cetane 
fuel. 

The  ignition  quality  of  a  diesel  fuel  depends 
also  on  its  FLASH  POINT  and  its  FIRE  POINT. 
The  flash  point  is  the  temperature  tQ  which  the 
fuel  vapors  must  be  heated  to  flash  or  ignite. 
The  minimum  flash  point  for  dieSel  fuel  is  150° 
F.  A  fuel  having  too  low  a  flash  point  is  dan- 
erous  both  to  handle  and  to  store.  ~ 


s 


The  fire  point  is  that  temperature  at  which 
the  fuel  vapors  will  continue  to  burn  after  being 
ignited.  It  is  usually  50  to  120  degrees  higher 
than  tlje  flashpoint. 

You  will  sometimes  hear  knocKS  in  diesel 
engines.  They*  are  believed  to  be  caused  by  the 
rapid  burning  of  the  fuel  that  accumulates  m 
the  delay  period  between  injection  and  ignition. 
This  delay  is  known  as.  IGNITION  LAG  or  IG- 
NITION DELAY.  When  the  fuel  is  injected  into 
thi  cylinders,  it  must  vaporize  and  be  heated 
to  the  flash  point  to  start  combustion.  The  lag' 
between  vaporization  and  flash  point  depends 
upon  the  ignition  quality  of  the  fuel  and  the  speed 
of  the  engine  and  its  compression  ratio.  In  high 
speed  engines  the  delay  varies  fijom  0.0012  to 
0.0018  of  a  second.  Ignition  lag  d*reases  with 
the  increase  in  engine  speed  bVcause  ,of  a 
swifter  air  movement  in  the  cylinderd^hat  mak^s 
the  injected  fuel  heat  better.  ^ 

LUBRICANTS 

A  lubricant  is  a  substance,  usually  an.  oil. 
used  to  reduce  friction  by  preventing  direct 
contact  of  moving  surfaces  with  ^each  other. 
The  substance  is  pressed  out  into  a  thin  Mm 
against  which  the  moving  parts  rub. 

The  world  lubricant  comes  from  u  Latin 
word  meaning  "slippery/  The  idea  is  that  the 
film  of  oil  gives  to  surfaces  the  slippery  nature 
that  prevents  them  moving  against  one  another. 
This  -  film  is  constantly  renewed  by  additional 
oil  supplied  from  the  pressure  pump  to  replace 
oil  forced  out  by  the  movement  of  engine  parts. 
The  effect  is  that  of  two  sheets  or  foyers  ot 
ail  sliding  over  each  other.  Thus  friction  be- 
tween the  two  metal  surfaces  is  reduced  to  a 
minimum.  Thei*e  are  three  types  of  kinetic 
friction:  sliding  friction,  rolling  friction,  and 
fluid  friction.  Sliding  friction  exists  when  the 
surface  of  one  solid  body  is  "moved  across  the 
surface  of  another  solid  body.  Rolling  friction 
exists  when  a  curved  body  such  as  a  cylinder 
or  I  sphere  rolls  upon  a  flat  or  curved  surface, 
Fluid  friction  is 'the  resistance  .to  motion  ex- 
hibited by  a  fluid. 

Fluid  friction  exists  because  of  the  cohesion 
between  particles  of  the  fluid  and  the  adhesion 
of  fluid  particles  to  the  object  or  medium  which 
is  tending  to  move  the  fluid.  If  a  paddle  is  used 
to  stir  a  fluid,  for  example,  the  cohesive  forces 
between  the  molecules  of  the  fluid  tend  to  hold 
the  molecules  together  and  thus  prevent  motion 
of  the  fluid.  At  the  same' time,  the  adhesive 
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forces  of  the  molecules  of  the  fluid  cause  the 
fluid  to  adhere  to  the  paddle  and  thus,  create 
friction  between  the  paddle  and  the  fluid.  Co- 
hesion is  the  molecular  attraction  between  parti- 
cles that  tends  to  hold  a  substance  or  a  body 
together;  adhesion  is  the  molecular  attraction 
between  parti clffSL- that  tends,  to  causg  unlike 


presented  in  Navy  and  other  technical  publica- 
tions/Your  chief  will  tell  you  where  you  carv 
get  this  information. 

TYPES  OF  LUBRICANTS 

Oils  and  greases  are  the  two  general  types 


of  lubricants!  The  modern  high-speed  gasoline 
or  diesel  engine  must  be  properly  lubricated 
with  the  proper  grades  and  types  of  lubricating 
oils  and  greases.  Present-day  refining  methods 
have  produced  lubricating  oils  and  greases  with 
certain  special  qualities.  In  engines  operating 
at  high  speeds  and  temperatures,  these  oils  do 
a  better  job  .than  ordinary  oils  can  do,  Engines 
operating  at  low  speeds  or  in  cold  weather  may 
require  an  oil  with  other  special  qualities. 

Greases  are  usually  used  where  it  is  diffi- 
cult to  keep  oil  in  place  and  where  the  lubri- 
cant is  subjected  to  varying  pressures.  In  some 
cases,  greases  are  used  when  centrifugal  forces 
tend  to  throw  Che  lubricant  from  moving  pairts. 
This  is  especially  true  in  differencials,  gear 
Jjoxesrandjsiieel- bearings.  4 

OILS  r 

Lubricating  oils  Serve  four  purposes:  (1) 
present  metal-to-metal  contact  in  moving  parts 
of  mechanisms,  (2)  help  carry  heat  away  from 
the  engine.  (3)  clean  the  engine  parts  as  they 
are  lubricated^  and  (4)  form  a  seal  between 
moving  parts.  Moving  parts  that  do  not  have 
enough  oil  will  melt,  fuse,  or  seize  after  a 
very  short  period  of  engine  operation.  All 
gears  and  accessory  drives,  well  as  other 
moving  parts  of  the  engine  subject  to  friction, 
must  be  bathed  in  oil  at  all  times. 
•  We-have  seen  that  viscosity  is  the  resistance 
of  a  liquid  against  flow.  It  is  th'e  most  impor- 
tant property  of  a  lubricating  oil.  A  lubricant^ 
of  high  viscosity  spreads  very  slowly.  You  have 
heard  of  car  owners  using  a  HEAVY  oil  in* 
summer  and  changing  to  LIGHT  oil  in  winter. 
The  heavy  oil  used  in  summer  becomes  too 
sluggish  in  cold  weather,  while  the  light  oil 
used  in  winter  flows  too  easily  in  hot  weather. 
An  oil  used  in  any  engine  must  flow  freely  and 
have  enough  body  to  ^resist  friction  between 
moving  engine  parts;  it  must  pass  readily  through 
all  oil  lines  and  spread  effectively  over  all 
surfaces  that  refquire  lubrication. 

The  temperature  of  an  oil  affects  its  vis- 
cosity. The  higher  the  temperature,  the  lower 
the  viscosity.   On  att  cold  morning,  the  high 
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surfaces  to  stick  together.  From  the  point  of 
view  of  lubrication,  adhesion  is  the  property 
of  a  lubricant  that  causes  it  to  stick  (or  adhere) 
to  the  parts  being  lubricated;  coheSIbftyis  the 
property  which  holds  the  lubricant  together  and 
enables  it  to  resist  breakdown  under  pressure. 

Besides  reducing"  friction  and  wfear,  lubri- 
cants act  as  COOLINQ  AGENTS,  absorbing  heat 
from  the  surfaces  over  which  they  are  spread. 
This  is  true  particularly  of  engine  oil,  which 
carries  heat  to  the  engine  sump,  where  it  is 
dissipated.  The  -  water  circulating  through  an 
oil  cooler  also  hel#s  to  reduce  this  heat  (not 
all  engines  have  oil  coolers). 

Lubricants  are  also  usedas  SEALING  agents. 
They  fill  the  tiny.,  openings  between  moving 
parts,  cushioning ^them  against  damage  and 
distortion  from  extreme  heat. 

Lubricants  are  also  important  as  CLEAN- 
ING AGENTS.  Any  grit  and  dirt  finding  their 
way  into  the  engine  parts  often  are  removed  by 
the  lubricants  before  damage  can  result.  Foreign 
matter  found  in  old  oils  and  greases  in  tlMtbot- 
tom  of  the  crankcase  is  evidence  of  the  cl!an£- 
mg  quality  of  lubricants.  Some  lubricants  have 
chemicals  added  to  make^them  better  cleaners. 

The  high  temperatures,  speeds,  and  cylinder 
pressures  of  modern  engines  have  made  neces- 
sary better  grades  of  lubricating  oils.  To  in- 
crease efficiency  certain  chemicals  called  AD- 
DITIVES are  put  into  dils.  Additives  are  resistive 
agents  which  are  used  against  oxidation  and 
other  kinds,  of  metal  deterioration.  Oil  which 
contains  additives  specifically  designed  to  help 
clean  the  piston  rings,  and  other  parts  of  the 
engine  as  it  lubricaAs  is  known  as  DETERGENT 
OIL. 

'  Lubrication  is  partly  your  job  and  partly  the 
job  of  the  Equipment  Operator.  The  operator 
uses  the*oil  and  greases  recommended  for  the 
job,  but  he  may  expe.ct  you  to  tell  him  which  are 
the  proper  ones  to  usfe.  It  is  therefore  impor- 
tant for  you  to  know  why  a  certainfuel  or  lubri- 
cant is  used  and  when  to  change  to  another  type. 

It  is  especially  important  for  you  to  keep  up 
with  the  latest  developments  in  lubricants  as 
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viscosity  or  stiffness  of  the  lubricating  oil 
makes^an  engine  hard  to  turn  over. 

.  The  viscosity  of  an  oil  is  figured  by  the  num- 
ber *f  seconds  which  pass  while  a  certain  volume 
flows  through  a  small  opening  or  hole  of  a  defi- 
nite diameter  at  a  given  temperature.  The 
greater  the  number  of  seconds,  the  higher  the 
viscosity.  The  Society  of  Automotive  Engineers 
(S.A.E.)  has  standardized  a  code  of  numbers  to 
indicate  the  viscosity  of  lubricating  oils.  You 
will  be  using  military  symbols  for  these  lubri- 
cating oils,  which  are  expressed  in  four  digits 
as  indicated  m  Table  4-1.  The  last  three  digits 
aicaia  rhf  viscosity  in  number  of  se'condsjre- 


quired  for  60  cubic  centimeters  of  oil  to  how 
■  through  a  standard  opening  at  a  given  tempera- 
ture. The  first  digit  ndicates  the  class  and 
type'  of  lubricating  oilj  You  will  use  only  the 
lubricant  recommendedlfor  the  particular  engine 
which  vou  service  and  Rubricate.  It  is  advisable 
to  check  with  -your  chiief  from  time  to  time  for 
discontinued  and  new  stjocks  and  changed  desig- 
nations or  specification  numbers.  * 

Oil  is  a  mixture  of  many  slightly  different 
compounds,  and  therefore  does  not  have  a  def- 
inite freezing  point,  /but  it  does  thicken  as  it 
cools.  In  order  to  determine  the  usefulness  of_ 
an  oil.in  cold  weathers  it  is  tested  for  its  POUR 
-POINT,  which  is-  the  lowest  temperature  at 
which  the  oil  will  at  ill 'flow.  The  pour  point  in 
which  you  will  be  interested  is  the  lowest  tern-  . 
perature  at  which  tjhe  oil  on  the  cylinder  walls 
and  bearings  will  permit  the  engine  to  be  turned. 

While  the  flash  boint  and  the  fire  point  of  an 
'Oil  do  no  affect  iti  lubricating  qualities,  they 
are  useful  in  determining  the  amount  of  volatile 
fluids  or  c^rnpountis  in  the  oil.  As  you  learned 
concerning  dieselj  oil.  the  flash  point  is  the 
temperature  at  Which  vapors  will  ignite,  but 
not  sustain  a  flalme.  The  flash  point  of  a  lu- 
bricating oil  for  /your  entire  engine  must  range 
from  300°  F  to  500°  F  to  keep  the  oil  from  va- 
porizing too  rekdily-  in  the  crankcase  and  to 
make  it  withstihd  the  heat  of  the  engine.  It  is 
used  also  to  determine  the  fire  hazard  in  shipping 
and"  storing  the/lubricant. 

Aijaln.  as  you  previously  learned,  the  fire 
point  is  the  temperature  at  which  vapors  given 
off  continued  to  burn  when  ignited.  Both  the 
flash  point  and  the  fire  point  must  be  taken  into 
consideration  in  the  blending  of  an  oil  of  prdper 
viscosity  for  the  type  and  condition  of  the  en- 
gine in  which  it  is  to  be  used.  - 


DILUTIpN  AND  CONTAMINATION  '  . 

OF  Oilj  J 

From  the  dav  that  fresh  oil  is  put  into  the 
engine  crankcase.  it  gradually  begins  to  lose 
its  effectiveness  because  of  dilution  and  con- 
tamination from  engine  operation.  Gasoline  or 
diesel  fuel  may  -dribble  into  the  crankcase  oil. 
Water  and  sludge  also  may  accumulate:  Carbon, 
gum  acids,  and  dust  in  the  air  entering  the  en- 
gine (  in  the  air-fuel  mixture)  all  reduce  the 
effectiveness  of  any  lubricant.  It.  is  because 
of  this  accumulation  of  foreign  matter  that 
manufacturers  recommend  regular  oil  changes, 


and  that  regular  lubrication  is  so  unpurtant 
preventive  maintenance.  m 
<t  Greases  are  compounds  of  oil  and  soap.  The 
soaps  used  are  not  ordinary  laundry  sqaps  but 
animal  fats  mixed  with  certain  chemicals.  Thp 
chief  purpose  of  the  soap  is  to  provide  a  body 
or  carrier  (for  the  oil  that  actually  does  the 
lubricating.! 

Grease>ife  used  where  oil  is  impractical  or 
'unsatisfactory  due  to  centrifugal  forces,  loads, 
temperatures  or  exposure.  For  instance;  it 
maintains  a  film  at  high  engine  speed  and  tem- 
perature, or  when  the  equipment  is  idle  for  long 
periods  of  time. 
\j  Jhe  chemicals  in  the  gr^se  classify  it  for 
a  particular  purpose  or  use.  CHASSIS  GREASES 
have  a  lime,  sodium,  or  an  aluminum  soap  base. 
Of  the  three  bslses,  the  lime  and  the  aluminum 
are  the  most  -Water  resistant,  while  the  alumi- 
num is  the  most '-heat  resistant:  Chassis  greases 
are  distinguished  by  their  shinyT  transparent 
appearance,  and  are  used  as  a  pressure  gun 
lubf  leant,  for  chassis,  U-joints,  track  rollers, 
and  low  temperature  ball  b|2u?4i*gs. 

CUP  GREASE,  or  WATER- PUMP  GREASE, 
is  a  lime-basfe  grease  to  which  water  or  mois- 
'  ture  is  added  to  keep  the  soap  from  separating 
from  the  oil.  The  moisture  gives  the  grease  a 
somewhat- cloudy  appearance,  and  it  will  evap- 
orate at  a  temperature  equal  to  that  of  boiling 
water.  Lime  base  greases  are  not  recommended 
for  parts  subjected  to  high  temperature.  These 
greases  are  recommended-  when  moisture  re- 
sistance is  required,  -an*  are  satisfactory  for 
water  pumps  and  marine  stuffing  boxes. 

WHEEL  BEARING  or  FIBROUS  GREASES 
have  a  sodium  or  mixed  soap  base.  These 
greases  only  appear  fibroys,  for  there  are  no 
actual  fibers  in  them,  They  are  recommended 
for  wheel  bearings*  beckuse  they  stick  or  cling 
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Table  4-1  .-Military  and  Cbn$mercial  Designatioa^Tfor  Gear^nd  Lubricating 

Oils  used  in  Equipment  Maintenance  "  .  . 


General 
Description 


eai  oil    .  .  .  . 
Containing  ex- 
v  freme  pressure 
'(EP)  additives 
to  maintain  lu- 
*jrication  unfler 

vu  *  c-'idittons. 

Coar  oil:  .... 
Containing  ex- 
rrmne  pressure 
(EP)  uMMvjbs 
to  njaintairu  lu- 
brication under 
extreme  pres-  ♦ 
sure  conditions. 


m 


eral  Hear  Oil, 
SAE^40.  NO 
\  ODf  m  F s. 


Duty  f.  ibncating 
Oil. 


<AE-20  Heavy 
-  Puty  rubricating 


,^\E-30  Heavy 
Duty  I.uhricitiy£ 
OH.  • 


5\K  40,  Heavy 
Duty  uxhi  ioating 
Oil.  ' 


Military  Designatipn 
and  Specification 
Number 


mtyr  * 

iL^ar, 

sal, 


Lubricant, 
Universal 
MIL-L-10324. 
FSN  9150-2^9-5443. 


sLubricant,  Gear-, 

rsal, 
MIL-l.-l 

FSN  ^150-57tx$842: 


FSN  9150-577-5845. 


Typical  Commercial 
Designation 


K.P.  Hypoid  Gear 
Lubricant.  Uni- 
verg%l  Gear  Lu- 
bricant for  yery 
cold  climates. 


SAE  80  EP  Hypoi 
0/  Universal  Ge 
/Lubricant. 
V  MA  1327  - 


Military  Symbol 
*5190. 

MIL-L-210&* 

FSN  9150-577-5848. 


SAE  90  ETP.Hypoid 
or  Universal  Gear 
Lubricant. 
^/fflA  1328 

SAE  140  Mineral* 
Gear  Oil.  Steam 
Cylinder  Oil. 
MA  1329 


\ 


-Military  Symbol 
9110. 

FSN  9150-231-9039. 


Military  Symbol 
'  9170.  ~  0 

FSN  9150-231^5651. 


Military  Symbol  * 
9250. 
FSN  9150-231-6655. 


Military  Symbol 
9370. 

FSN  9150-912-9552. 


Gasoline  and  Diesel 
Engine  Oil,  SAE-10 
£nd  SAE-10W 
Grades. 


Gasoline  and  Diesel 
Engine  Oil,  SAE-20 
Grdde. 


Gasoline  and  Diesel 
Engine  Oil,'SAE-30 

*Grade.  . 
M%1702 


Gasoline  and  Diesel 

Engine  Oil,  SAE-40 

Grade.  • 
v 


Uses 


For  al).  gear  lubrication  including 
transmission,  differential^, 
hypoid  gears,  tractor  final 
drives,  and  steering  gear  mecha- 
nisms in^pold  climates  when  the 
prevailing  tempe^ture  is  below, 
0°F. 


As  above  except  that  it  fs^aj^SAE 
80- gear  lubricant  for  yj^where 
the  prevailj/rgS^mperature  is 
between  0°  and  3$S?. 


As  above  except  that  it  is  an  SAE 
9Qgear  lubricant  for  useN where 
Apr evailing  temperature  is 
~Bbve0°F.  • 


For  use  in  tractor  transmissions 
anfl  final  drives^  only  th- tropical 
areas.  There  are  no  extreme 
pressure  chemical  additives  in 
this  oil.  DO  MOT  mix  with  ex- 
treme pressure  lubricants.  OCT • 
NOT  use  in  hypoid  gey  drives 
such  as  truck  or  passenger  ve*- 
hicle  differentials. 


For  crankcase  lubrication  in  both 
gasoline  and  dijesel  engines  re-, 
quiring  ah  SAE-20  oil  and  for 
general  purpose  lubrication. 


For  crdnkcase  lubrication  in  both 
gasoljite  IftK^diesel  engines  re- ' 
quiring  an  SAE-30  oil  tfnd  for 
general  purpose  lubrication. 


For  crankcase  lubrication  in  bbth 
gasoline  and  diesel  engines  re- 
quiring an  SAE-40  oil  and  for 
general  purpose  lubrication. * 
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For  crankcase  lubrication  in  bothi 
gasoline  and  diesel  engines  re-^ 
quiring  an  SAE-10  or  SAE-10W 
oil  and  for  general  purpose  luV 
brication.  '        w            *  J 
 ,  >  
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Table  4-1. -Military  and  Commercial  Designations  for  Gear  and  Lubricating 
Oils  used  in  Equipment  Maintenance-continued. 


General 
Description 

Military  Designation 
and  Specification 
*    K  umber 

Typical  Commercial 
Designation 

Uses 

SAE-50  Heavy 
Duty  Lubricating 
Uii. 

Military  Symbol 
•  9500. 

FSN  1950-231-9043. 

Gasoline  and  Diesel 
•  Engine  Oil,  SAE-50 

Grade. 

MB  1722 

For  crankcase  lubrication  in  both  j 
gasoline  and  diesel  engines  re- 
quiring an  SAE-#0  oil  and  for 
general  purpq&e  lubrication. 

Medium  VI  Mm-  . 
eral  Oil  SAE-50. 
No  additives. 

Military  Symbol 
3100.  " 
FSN  9150-223-8893. 

Mineral  Oil  SAE-50 

For  lubrication  of  certain  2-stroke 
cycle  gasoline  engines  where 
prescribed.  Mixed  with  fuel  in 
specified  proportions  such  as 
nufhno tH  mntnrHnpf  engines.  For 
general  purpose  lubrication. 

Hydraulic 
Transmission 
Fluid,  Type 
C-l 

EO  — Series? 
or  MIL-L- 
45199A. 
Grade  10. 

FSN"  9150-680-1103. 

/ 

Lubricating  Oil 
High  Output. 

For  hydraulic  systems  and  certain  ^ 
transmission  and  converter  units 
as  prescribed  by  the  manu- 

*  facturer. 

to  parts.  Since  they  are  not  water  resistant, 
they   can  be  used  only  on  protectee!  parts. 

CABLE  GREASE  (wire  rope  and  exposed 
gear  grease)  is  a  sticky  black  oil  ysed  to  lu- 
bricate chains  and  wire  ropes.  * 

,  The  black,  ta'rlike  sticky^  mass  called 
CRATER  COMPOUND  is  used  to  grease  sliding 
surfaces  and  exposed  gears  on  ttravjrduty  con- 
struction equipment.  It  is  .applied  by  hand  or 
with  a  brush  and  cannot  be  squeezed  from  be- 
t*^n  the  gear  teeth  <5r  the  slidingj^surfaces* 
You  will  find  a  can  of  this  grease  on  nearly  every 
shovel  or  crane  used'by  the  Navy. 

If  your  shop  has  a. supply  of  ALL-PURPOSE 
(GAA  -  Grease,  Automotive  and  Artillery) 
grease,  your  chiefmay  direct  you  to  use^it,  in- 
stead of  the  various  greases  just  mentioned. 

Some  totm  of  dry  lubricant  such  as  GRAPH- 
ITE POWDER  is  available  in  the  shop,  to  lu- 
bricate small  parts  and  door  locks,  where  a 
liquid  would  run  off  0£  otherwise  be  undesir- 
able. 

Petroleum  refiriers  have,  developed  greases 
to  meet  special  lubrication  requirements  of 


modern  machinery  and  equipment.  Table  4-2 
lists  and  describes  the  kinds  of  greas§s  and 
their  uses  for  proper  maintenance, 

HANDLING  PETROLEUM  PRODUCTS 

When  handlihgpetroleumproducts,  care  must 
b.e  taken  to  ensure  they  do  not  become  contami- 
nated with  foreign  matter.  Since  all  petroleum 
products  will  burn,  fire  is  an  ever  present  haz- 
ard. The  degree  of  fir,e  hazard  increases  as  the 
volatility  of  the  product  increases. 

Inhaling  gasolijie  vapors  may  cause  head- 
aches, dizziness,  nausea,  or  even  unconscious- 
ness. If  any  of  these  symptoms  are  noticed 
Imong  men  handling  gasoline  or  working  to  an 
area  where  gasoline  has  been  spilled,  the  men 
should  leave  the  area  at  once.  If  anyone  has  been 
overcome,  he  should  receive  immediate  medical 
attention* 

Gasoline  may  cause  severe  burns  if  allowed 
to  remain  in  contact  with  the  skift,  particularly 
under  soaked  clothing  or  gloves.  Clothing  or 
shoes  through  which  gasoline  has  sbaked  should 
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Table  4- 2. -Military  and  Commercial  Designation  for  Greases  used  in  Equipment  Maintenance 


General 
Description 

Military  Designation 
and  Specification 
Number 

Typical  Commercial 
Designation 

i 

Uses 

< 

Grease,  Chasis— 
Lime,  soda  or 
aluminum  soap 
base  grease. 

Lubricant,  General 
Mil-G-10924  3 
Mil  Sym  GAA 

FSN  9150-530-7369 

Chassis  Grease,  Cup 

*   uicaoc,  ncoouxc 

Gun  Grease,  No.  1— 
Soft. 

For  general  use  as  a  pressure  gun 
luoncaru,  particularly  cnassis, 
universal  joints,  track  rollers, 
ball  bearings  operating  betow 
150°  F.  Lime  and  aluminum  soap 
base  grease  types  are  water  re- 
sistant. 

Grease,  Wheel 
Bearing  Soda  or 
mixed  soap  base 
grease. 

Lubricant,  General 
Purpose,  No.  2 
(Wheel-Bearing- 
Chajssis  Lubri- 
cant -WB). 
VV-G-632  Type*B, 
-   Grade  2. 

FSN  9150-531-6971. 

Wheel  Bearing 
Grease,  No.  2— 
Medium^ 

For  wheel  bearings,  ball  bearings, 
and  as  a  pressure  gun  lubricant 
when  operating  temperatures  are 
expected  to  be  above  150*  F.  DO  ' 
NOT  USE  TOQREA5E  UNIVER- 
SAL JOINTS  OR  OTHER  PARTS 
HAVING  NEEDLE  BEARINGS. 
Not  water  resistant. 

Grease,  Ball  and 
Roller' Bearing 
Soda  or  mixed 
soap  base 
grease.  * 

Lubricant,  Ball 
and  Roller  Bear- 
ing. 

MUrG-18709. 
FSN  9150-249-0908. 

Ball  and  Roller 
Bearing  Grease, 
BRB. 

fiRB  and  G-18709.suitable  for  ball 
,  and  roller  bearing  lubrication, 
especially  in  electric  motors 
^nd  generators  and  clutch  pilot 
bearings.  Not  water  resistant. 

Grease— Water 
Pump  Lime 
soap  base 
grease. 

Lubricant,  Water-  - 

Pump,  No.  4. 

VV-G-632 
f  Type  A,  Grade  4. 
FSN  9150-235-5504. 

W  ater  -  Pumn 
Grease,  No,  4— 
Hard. 

•  Pnr  orlaniH  tvnp  watPr— mimn^  of 

some  engines  not  equipped  'with 
factory  lubricated  and  sealed 
water  pumps.  Very  water  re- 
sistant. 

© 

Lubricant,  Ex- 
posed Gear, 
Chain,  and  \Vire 

-Rop6  StickjjjD 
viscous,  black,, 
residual  oil.  \y 

Lubricant,  Chain 
and  Wire  Rope.  * 
Mil-G-18458. 

FSN  ^50-530-6814. 

EXDOsed  Gear  Chain 
and  Wire  Rope  Lu- 
bricant. Gear 
Grease.  Wire  Rope 
Grease  No.  2. 

For  fffe&sincr  cable  ooen  ffears  or 
any  open  mechanism  requiring 
rough  lubrication.  Usually  heated 
before  applying.  Grade  B  is  in- 
tended for  use  in  temperate  or 
warm  weather  and  is  suitable  for 
open-air  or  under-water  condi^ 
tions.  Not  for  cables  in  contact 
with  earth.        ; .  . 

1 1 

As  above,  except 
that  it  is  No.  3 
or  heavy  duty 
type. 

* 

As  above  except  that  Grade  C  is 
for  use  in  hot  weather  or,  for 
hard  service  and  is  suitable  for 
open-air  or  under-water  condi- 
tions. 
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•3, -Under ground  gasoline  storage 
tank. 


be  removed  at  once.  Gasoline  should  be  washed 
from  the  skin  with  soap  and  water.  Repeated 
contact  with  gasoline  removes  the  protective 
oils  from  the  skin  and  causes  drying,  roughen- 
ine  chapping,  and  cracking  and,  in  some  cases, 
infections  of  the  skin.  Gloves  should  be  worn  as 
protection  by  persons  handling  petroleum  prod- 

ucts  *  ^ 

If  gasoline  gets  Into  a  person's  eyes,  first 
aid.  should  be  given  immediately.  O  ve  oil, 
castor,  oil,  or  mineral  oil  may  be  applied,  and 
medical  attention  should  be  secured.  > 

If  a  person  swallows  gasoline  by  accident, 
first  aid  should  be  given  immediately.  Giving 
the  victim  warm  salty  water  to  induce  vomiting 
is  an  effective  aid.  Medical  attention  should  be 
secured  promptly.  x" 

Slipping  and  falling  are  common  accidents 
which  occur  when  handling  petroleum  products. 
This  danger  is  particularly  grave  while  climbing 
to  and  from  loading  racks,  storage  tanks,  or 
stacks  of  drums  or  cans.  Tools,  pieces  of  lumv 
ber,  and  other  objects  should  not  be-left  lying* 
where  they  may  cause  accidents. 

On  a  hot  day,  gasoline  vapors  mixed  with 
air  may  be  flammable  for  a  distance  of  20  feet 
from  an  open  container.  By  using  underground 
tanks  there  will  be  less  chance  of  a  fire  or  an 
explosion,  and  less  gas  will  be  lost  by  evapora- 
tion Areas  near  gasoline  storage  tanks  should 
ALWAYS  6E  WELL  POSTED  WITH  WARNING 
SIGNS. 


Gasoline  storage  tanks  should  be,  placed 
underground  and  covered  with  at  least  3  or  4 
feet  ' of  earth.  The  tanks  must  be  equipped  with^ 
vent  pipes  which  extend  weU  above  the  ground 
so  that  the  vapors  may  spread  arid  disappear. 

(SeeDiesel"fuel  is  not  ai  volatile,  flammable, 
nor  as  dangerous  to  handle  as  gasoline.  But  it 
will  burn,  and  in  closed  unventilated  places, 
dlesel  vapors  can  be  explosive.  . 

Diesel  fuel  is  generally  not  stored  in  the  same 
way  as  gasoline.  Figure  4-4  shows  a  typical 
diesel  fuel  storage  tank.  The  tank  is  generally 
placed  abdve  ground  on  a  raised  platform.  The 
platform  should  be  high  enough  to  permit  the 
fueling  of  equipment  from  the  tank  by  gravity 
flow.  The  tank  must  be 'provided  with  an  air  vent 
at  the  top  and  a  drain  cock  at  the  lowest  point. 
The  outlet  for  the  fuel  should  be  at  least  6  Inches 
from  the  bottom  of  the  tank,  so  that  any  water 
and  dirt  which  have  accumulated  and  settled  in 
the  bottom  will  not  be  drained  into  the  fuel  tanks 
of  the  equipment  being  serviced.  The  water  and 
sediment  that  collect  fn  the  bottom  of  the  tanks 
should  be  -drained  off  daily.  When  you  fill  a 
diesel  fuel  storage  tank,  remember  to  leave 
enough  room  for  expansion  of  the  fuel. 

Lubricating  oil  and  greases  are  furnished 
in  various  sizes  of  containers.  More  lubricant 
is  wasted  because  it  has  become  contaminated 
than  for  any  other  cause.  All  containers  should 
be  clearly  marked  .as  to  their  contents  and 
dates  received.  The  lubricants  that  have  been  in 
stock  the  longest  should  be  us*d  first.  Wake 
sure  that  all  openings  of  lubricant  containers 
are  properly  secured.  This  will  decrease  the 
chances  of  lubricants  becoming  contammatea. 
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Figure  4-4. -Storage  tank  for  diesel  fuel. 
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CHAPTER  8 


THE  DIESEL  ENGINE 


In  previous  chapters,  we  discussed  the 
factors  necessary  for  an  internal-combustion 
engine  to  operate  efficiently.  We  saw  that  air, 
and  fuel,  must  be  supplied  in  the  proper  mixture 
and  the  proper  time  before  any  engine  can 

operate.  . 

In  this  chapter,  we  shall  take  up  the  diesel 
engine.  The  first  part  of  the  chapter  discusses 
similarities  and  differences  between  gasoline 
and  diesel  engines.  The  rest  of  the  chapter 
describes  general  factors  which  apply  mainly  to 
diesels. 

GASOLINE  VS  DIESEL  ENGINES 

Like  the  gasoline  engine,  the  diesel  engine 
is  an  internal  combustion  engine  using  either 
a  2-  or  4-stroke  cycle  (discussed  in  ch.  3). 
Power  is  obtained  by  the  burning  or  combustion 
of  fuel  within  the  engine  cylinders.  There  must, 
of  course,  be  some  means  of  igniting  the  air  and 
fuel  mixture.  As  you  read  in  previous  chapters, 
an  electric  spark  from  the  ignition  system  is 
used  to  ignite  the  mixture  of  gasoline  and  air  m 
*  gasoline  engine.  The  ignition  system  is  neces- 
'sary  because  of  the.  rather  low  compression 
-ratio  in  the  gasoline  engine.  This  ratio  ranges 
from  6:1  to  about  10:1,  and  the  compression 
pressure  ranges  from  110  to  about  150  pounds 
per  square  inch  (psi).  The  compression  tem- 
perature within  the  cylinders  ranges  from  220° 
F  to  300°  F  (2  degree  rise  in  temperature,,for 
every  psi  rise  in  pressure),  which  is  not  high 
enough  to  ingnite  the  gasoline  and  air  mixture. 

DIESEL  COMPRESSION  AND 
IGNITION 

In  most  diesel  engines  the  compression  ratio 
ranges  from  14:1  to  about  19:1,  and  the  compres- 
sion pressure  ranges  from  400  to  600  psL  The 
compression  temperature  varies  from  800°  Fto 


1200°  F.  This  compression  temperature  is  high 
enougli  to  ignite  the  finely  atomized  diesel  fuel 
which  is  injedted  into  the  combustion  chamber 
when  the  piston  is  near  top  dead  center  of  the 
compression  stroke.  The  diesel  engine  is,  there- 
fore, known  as  a  COMPRESSION-IGNITION 
engine,  while  the  gasoline  engine  is  a  SPARK- 
IGNITION  engine. 

PRINCIPLES  OF  OPERATION 

In  principle  of  operation,  the  main  differences 
between  the  gasoline  engine  and  the  diesel  engine 
are  the  methods  ,of  getting  the  fuel  into  the 
cylinders,  and  of  igniting  the  air-fuel  mixtures. 
You  learned  that  in  the  gasoline  engine  the  air 
and  gasoline  are  mixed  together  in  the  car- 
buretor The  mixture  then  passes  through-  the 
intake  manifold  where  it  starts  to  vaporize. 
Then  the  mixture  enters  the  cylinder  through 
the  intake  valve  where  it  is  completely  vaporized 
by  the  heat  of  compression  as  the  piston  moves 
upward  on  the  compression  stroke.  When  the 
piston  reaches  near  top  dead  center,  the  mixture 
is  ignited  by  a  spark  from  the  spark  plug. 

The  diesel  engine  does  not  use  spark  plugs 
nor  a  carburetor.  On  the  intake  stroke,  only 
fresh  air  is  drawn  into  the  cylinders  through 
the  intake  valve  and  manifold.  On  the  compres- 
sion stroke,  the  air  is  compressed  to  a  pressure 
between  400  and  600  psi,  and  temperature  in  the 
cylinder  rises  to  a  point  between  800°  and  1200 
1  F  At  the  proper  time,  the  diesel  fuel  is  injected 
into  the  cylinder  ,by  a  fuel  injection  system, 
which  usually  consists  of  a  pump,  fuel  lines,  and 
injector  or  nozzle.  When  the  fuel  oil  enters  the 
cylinder  it  will  ignite.  Figure  8-1  shows  the 
comparison  of  the  four  strokes  of  a  4-cycle 
diesel  and  a  4-cycle  gasoline  engine. 

The  speed  of  a  diesel  engine  is  controlled 
by  the  amount  of  fuel  that!  is  injected  into  the 
cylinders;  in  a  gasoline  engine  the  speed  of  the 
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GASOLINE 


ON  DOWNWARD  STROKE  OF  PISTON  intake 
VAiVC  OPENS  AND  ATMOSPHERIC  PRESSURE 
FORCES  Ait  THROUGH  CA*WRETO*  WHERE  IT 
K*S  UP  A  METERED  COMIUSTHLE  CHARGE  Of 
FUEL  THE  MIXTURE  GOES  PAST  ThE  THROTTiE 
VAIVE  INIQ  CtUNOER  SPACE  VACATED  ir  **E 
'  PISTON 

CaPBo'Pa*0R 


INTAKE  STROKE 


r 


0 


0^ 


DIESEL 


On  downward  stroke  OF  piston  intake 
vAtvf  OPENS  and  ATMOSPHER'C  PRESSURE 
pCRCES  PURE  AIR  INTO  ThE  CYUNCER  SPaCE  Va. 
Cateo  Sr  the  piston  THERE  &E'NG  sO  CaRIu- 
«€T0R  OS  ThROTT'E  vaivE  C^'NDf?  f^S  with 
Same  C^AMiTv  OF  AtS  REGARD. 5SS  Of  OAD 
On  'me  5nG'N£ 


ON  UPSTROKE  OF  PISTON,  VAIVES  ARE  CLOSED 
AND  MIXTURE  IS  COMPRESSED.USUAlU  FROM  no 
TO  150  P&,  DEPENDING  ON  COMPRESSION  RATO 
Of  ENGINE 


COMPRESSION  $trck£ 


[I  


On  upStrc<E  OF  P'STOs  vaives  ASfi  CLOSED 
and  aiR  S  COmPqeSSED  'O  approximated  400 
~G  6C0  »5i 


POWER  STROKE 


COMPRESSED  fUEl-AiR  MIXTURE  IS  UNITED  BY 

euctrk:  SPARJC  HEAT  Of  comiustion  causes 

fORCEPUl  EXPANSION  OF  CYLINDER  GASES 
AGAINST  PISTON  RESULTING  IN  POWER  STROKE 


SPARK  PlUG 

MAGNETO 
OR 

DISTRIIUTOR 

H 

NOZZLE 


HIGH  COMPRESSION  PRODUCE^  HIGH  TEMPfRA 
TURE  FOR  SPONTANEOUS  IGNITION  OF  FUEL  IN. 
JECTED  NEAR  END  OF  COMPRESSION  STROKE 
HEAT  OF  COMBUSTION  EXPANDS  Cyi,ND£R  GASES  ■ 
AGAINST  PISTON  RESULTING  IN  POWER  STROKE 


UPSTROKE  OF  PISTON  WITH  EXHAUST  VALVE  OPf  N 
FORCES  IURNED  GASES  OUT  MAKING  READY  FOR  , 
ANOTHER  INTAKE  STROKE 


EXHAUST  STROKE 


1300*F 


900"  F 


UPSTROKE  OF  PISTON  WITH  EXHAUST  VALVE 
OPEN  FORCES  BURNED  GaSES  OUT  MAKING 
READY  FOR  ANOTHER  INTAKE  STROKE 


EWC, 
5  - 


Figure  8-1, -Comparison  of  sequence  of  events  in  diesel  and  gasoline  4-fcycle  engines, 

170 

824 


81.333 


Chapter  8— THE  DIESEL  ENGINE 


f>78> 


C 


engine  Ts  controlled  by  the  amount  of  air  ad- 
mitted into  the  carburetor.  eim.„„tn 
Mechanically,  the  diesel  engine  is  similar  to 
the  gasoline  engine.- The  intake,  compression, 
power  and  exhaust  strokes  occur  in  the  same 
order.*  The  arrangement  of  the  pistons  con- 
necting  rods,  crankshaft,. and  engine  valves  are 
f  bout  the  Same.  The  diesel  engine  is  also  clas- 
sified as  INLINE  or  V-TYPE. 

ADVANTAGES  AND  DISADVANTAGES 
OF  THE  DIESEL 

The  main  advantages  of  diesel  engines  as  • 
compared  with  gasoline  engines  are  high  power 
per  pound  M  fuel  (particularly  with  present  day 
,  Sigh  speed  engines),  high  reliability  in  operation 
low  fuel  consumption  per  horsepower  per, hour, 

and  reduced  fire  hazard. 

The  disadvantages  of  the  diesel  engine  are 
the  high  cost  of  manufacture,  the  heavier  con- 
strue ion  necessary  to  withstand  the  high  com- 
pression pressures,  an*  difficulty  in  starting 
because  of  high  compression  pressure. 

At  present  there  are  relatively  few  diesel 
engine  powered  passenger  automobiles,  but  the 
Se  of  the  diesel  engine  for  small  load  and  pas- 
jseneer  carrying  vehicles  is  becoming  more 
practical  witn  the  development  of  improved, 
lightweight,  high  speed  automotive  diesel  en- 
gines. 

FUEL  SUPPLY  PUMP 

Fuel  injection  pumps  must  be  supplied  with 
fuel  oil  under  pressure  because  they  have  in- 
sufficient suction  abilftty.  All  diesel  injection 
systeni  require  a  supply  pump  to  transfer  fuel 
SoVatot  supply  .tank,  through  the  filters,  and 
SS  to  the  Section  pumps.  Supply  pumps  in 
use  on  diesel  engines  today  are  the  GEAR, 
VANE,  and  PLUNGER  type  pump. 

GEAR  PUMP 

The  simple  GEAR  PUMP,  figure  8-2.  has  two 
spur  gears  which  mesh  together;  one  is  the 
driving  gear,  and  the  other  is  the  driven  gear. 
Clearances  between  the  gear  teethandthe  casing 
and  between  the  gear  faces  and  the »  casing .are 
only  a  few  thousandths  of  an  inch.  When  the  gears 
turn,  liquid  in  the  spaces  between  the  unmeshed 
teeth  at  the  suction  side  of  the  pump,  is  carried 
by  the  teeth  towards  the  sides.  Then  the  liquid 
is  trapped  between  the  tooth  pockets  and  the 


»OLT 


DRIVEN 
GEAR 


PLUG    GASKET  SPR|NG 


BODY 

RELIEF 
VALVE 


COVER 


Figure 


[DRIVE 
GEAR    DOWEL  OIL 

81.370 

8-2. -Typical' gear  fuel  pump  assembly. 


casing  and  carried  through  to  the  discharge 
side  of  the  pump.  The  liquid-entering  the  dis- 
charge side  cannot  return  to  the  suction  side 
oecause  the  meshing  teeth  at  the  center  force 
the  liquid  out  of  the  tooth  pockets. 

YANE  PUMP 

In  the  vane-type  pump  (figs)  8-3  and  8-4),  a 
steel  rotor  and  shaft,  one  end/ supported  n  he 
pump  mounting  flange  and  ttW  other  end  in  the 
Sum?  cover,  revolve  in  the -body,  the  bore  of 
whTch  is  eccentric  to  the  rotor.  Tiding 
vanes  are  placed  18a  degrees  apart  in: slots* 
the  rotor,  and  are  pressed*  against  the  body  bore 
by  springs  in  the  slots.  When  the  shaft  is  rotated 
the  vanes  pick  up  fuel  at  the  inlet  por and 
carry  it  around  the  body  to  the  outlet  side, 
where  the  fuel  Is  discharged.  Pressure  is  pro- 
duced by  the  wedging  action  of  the  fuel  as  it  is 
forced  toward  the  outlet  port  by  the  jane.  A 
spring-loaded  relief  valve  is  provided  in  the 
Sver  6  the  pump,  connecting  the.  inlet  and  out- 
let ports.  This  valve  opens  at  a  pressure  of 
approximately  5$  psi.Mts  purpose  is  to  relieve 
excessive  pump  pressure  which  ™"  ^dp"P* 
fuel  lines  or  filters  become  clogged.  When  he 
valve  opens,  fuel  passes  from  the  discharge i  side 
(pressure  side)  to  the  suction  side  of  the  pump. 
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Figure  8-3.-Cutaway  view  of  vane-type  fuel  pump 
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FUEL  INJECTION  AND 
COMBUSTION 

Diesel  fuel  injection  systems  must  accom- 
plish five  particular  functions:  Meter,  inject, 
time,  atomize,  and  create  pressure.  A  descrip- 
tion of  these  functions  follows: 

1.  METER-Accurately  measure  the  amount 
of  fuel  to  be  injected. 

2.  INJECT-Force  and  distribute  the  fuel 
into  the  combustion  chamber. 

3.  TIME-Injection  of  the  fuel  must  start  and 
stop  at  the  proper  time. 


4.  ATOMIZE- Break  the  fuel  up  into  fine 
particles. 

5.  CREATE  PRESSURE-Create  the  neces- 
sary high  pressure  for  injection. 

You  can  remember  these  functions  by  the 
initials,  MITAC.  All  five  of  these  functions 
are  necessary  for  complete  and  efficient  com- 
bustion. 

METERING 

Accurate  m*tering  or  measuring  of  the  fuel 
means  that,  Vor  the  same  fuel  control  setting,  ' 
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Figure  8-4. -Vanes  and  rotor  in  housing 
of  a  vane -type  tuel  pump. 

"the  same  quantity  of  fuel  must  be  delivered  to 
each  cylinder  for  each  power  stroke  of  the  en- 
gine. Only  in  this  way  can  the  engine  operate 
at  uniform  speed  with,  a  uniform  power  output. 
Smooth  engine  operation  and  an  even  distribution 
of  the  load  between  the  cylinders  depend  upon 
the  same  volume  of  the  fuej  being  admitted  to  a 
particular  cylinder  each  time  it  fires;  and  upon 
equal  volumes  of  fuel  being  delivered  to  all^ 
cylinders  of  the  engine, 

INJECTIONXONTROL 

A  fuel  system  must  also  control  the  rate  of 
injection.  The  rate  at  which  fuel  is  injected  de- 
termines the  rate  of  combustion.  The  rate  of 
injection  at  the  start  should  be  low  enough  that 
excessive  fuel  does  not  accumulate  in  the 
cylinder  during  the  initial  ignition  delay  (before 
combustion  begins).  Injection  should  proceed 
at  such  a  rate  that  the  rise  in  combustion  pres- 
sure is  not  too  great,  yet  the  rate  of  injection 
must  be  such  that  fuel  is  introduced  as  rapidly 
as  possible^in  order  to  obtain  complete  com- 
bustion. An  incorrect  rate  of  injection  affects 
engine  operation  in  the  same  way  as  improper 
timing.  When  the  rate  of -injection  is  too  high, 
the  results  are'similar  to  those  caused  by^a  too 


early  injection;  when  ;the  rate  is  too  low,  the 
results  are  similar  to  those  caused  by  a  too 
late  injection.  - 

TIMING 

'  In  addition  to  measuring  the  amount  of  fuel 
injected,  the  system  must  properly  time  injec- 
tion to  ensure  efficient  combustion  so  that  maxi- 
mum energy  can  be  obtained  from  the  fuel.  When 
the  fuel  is  injected  too  early  in  the  cycle, 
ignition  may  be  delayed  bfcspUse  the  temperature 
of. the  air,  at  this  point  is  not  high  enough.  An  ex- 
cessive delay,  on  the  other  hand,  gives  rough  and 
noisy  operation  of  the  engine,  and  also  permits 
some  fuel  to  be  lost  due  to  the  wetting  of  the 
cylinder  walls  and  piston  head.  This,  m  turn, 
results  in  poor  fuel  economy,  high  exhaust  gas 
temperature,  and  smoke  in  the  exhaust.  When 
fuel  is  injected  too  late  in  the  cycle,  all  the  fuel 
will  not  be  burrted  until  the  piston  has  traveled 
well  past  top  center.  When  this  happens,  the 
engine  does  not  develop  its  maximum  power, 
the  exhaust  is  smoky,  and  the  fuel  consumption 
is  high. 

ATOMIZATION  OF  FUEL 

As  used  -in,  connection  with  fuel  injection, 
atomization  means  the  breaking  up  of  the  fuel, 
as  it  enters  the  cylinder,  into  small  particles 
which  form  a  mist-like  spray.  Atomization  of 
the  fuel  must  meet  the  requirements  of  the  type 
of  combustion  chamber  in  use.  Some  chambers 
require  very  fine  atomization;  others  function 
with  coarser  atomization.  (Because  of  the  design 
of  the  multifuel  hypercycle  chamber,  discussed 
later  in  this  chapter,  atomization  is  accomp- 
lished differently  in  chambers  so  designed.) 
Proper  atomization  makes  it  easier  to  start  the 
burning  process,  and  ensures  that  each  minute 
particle  of  fuel  is  surrounded  by  particles  of 
oxygen  with  which  it  can  combine. 

Atomization  is  generally  obtained  when  the 
liquid  fuel,  under  high  pressure,  passes  through 
the  small  opening  (or  openings),  in  the  injector 
or  nozzle.  As  the  fuel  enters  the  combustion 
space,  high  velocity  is  developed  because  the 
pressure  in  the  cylinder  is  lower  than  the  fuel 
pressure.  The  created  friction,  resulting  from 
the  fuel  passing  through  the  air  at  high  velocity, 
causes  the  fuel  to  break  up  into  small  particles. 

CREATING  PRESSURE 

sA  fuel  injection  system  must  increase  the 
pressure    of    the    fuel    enough,  to  overcome 
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compression  pressures  and, to  ensure  proper 
dispersion  of  the  fuel  injected  into  the  combustion 
space.  Proper  dispersion  is  essential  if  the  fuel 
is  to  mix  thoroughly  with  the  air  and  burn 
efficiently.  While  pressure  is  a  chief  contri- 
buting factor,  the  dispersion  of  the  fuel  is 
influenced,  in  part,  by  atomization  and  pene- 
tration of  the  fuel,  (Penetration  is  the  distance 
through  which  the  fuel  particles  are  carried  by 
the  motion  given  them  as  they  leave  the  injector 
or  nozzle.) 

If  the  atomization  process  reduces  the  size 
of  the  fuel  particles  too  much  they  will  lack 
penetration.  Too  little  penetration  results  in 
the  small  particles  of  fuel  igniting  before  they 
have  been  properly  distributed,  or  dispersed 
in  the  combustion  space.  Since  penetration  and 
atomization  tend  to  oppose  each  other,  a  com- 
promise in  the  degree  of  each  is  necessary  in 
the  design  of  fuel  injection  equipment,  partic- 
ularly if  uniform  distribution  of  fuel  within  the 
combustion  chamber  is  to  be  obtained. 

ADR  INTAKE  SYSTEM 

You  learned  that  much  of  the  information 
dealing  with  parts  and  systems  of  the  djesel 
engine  also  applies  to  the  gasoline  engine.  The 
air  intake  system  is  no  exception.  However, 
the  intake  event  in  the  cylce  of  operation  of  a 
gasoline  engine  includes  the  admission  of  air 
and  fuel  to  the  cylinder  as  a  mixture.  For  this 
reason  the  intake  system  of  a  gasoline  engine 
differs,  in  some  respects,  from  that  of  a  diesel 
engine. 

In  some  4  -stroke  cycle  diesel  engines,  air 
is  forced  by  atmospheric  pressure  into  the 
cylinder  through  valves  to  satisfy  the  differ- 
ence in  air  pressure  create^  by  the  pistons. 
However,  in  most  2-cycle  and  many  super- 
charged 4-cycle  engines,  air  is  forced  into  the 
cylinder  by  a  blower  (supercharger)  or  by  a 
turfcocharger.  The  turbocharger  is  usually  an 
exhaust -driven  centrifugal  type  blower. 

The  main  job  of  the  blower,  supercharger, 
or  turbocharger,  is  to  supply  the  cylinder  with 
fresh  air  for  combustion  30  the  engine  can  burn 
more  fuel  and  develop  more  horsepower  than 
iiWit  were  fed  through  valves  by  atmospheric 
pi^sure.  A  blower  normally  consists  of  two 
holloVthree-lobed  rotors  enclosed  in  a  housing  # 
on  the' side  of  the  cylinder  block*  They  revolve 
without  touching  each  other,  but  with  very  close 
clearance.  At  maximum  engine  speed  the  blower 
is  capable  of  supplying  a  continuous  discharge 
of  fresh  air  at  a  pressure  of  7  psi, 
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Fifure  8-5  illustrates  how, the  air  sweeps 
into  the  cylinder  through  the  intake  ports  as 
,  they  are  uncovered  by  the  downward  stroke  of 
the  piston.  This  sweeping*action  forces  out  the 
burned  gases  through  the  exhaust  valve  openings 
and  helps  to  cool  the  internal  pAts  of  the  engine, 
particularly  the  exhaust  valves.  The  intake  ports 
\_are  angled  to  give  the  incoming  air  a  circular 
motion  (turbulence)  during  the" compression 
stroke  to  improve  combustion. 

As  you  know,  all  diesel  construction  equip- 
ment used  in  road-building,  excavating,  con- 
struction of  landing  strips,  and  similar  con- 
struction activities  constantly  stirs  up  particles 
of  dirt  and  dust.  These  particles  cause  internal 
damage  if  they  enter  the  engine  as  air  enters. 
Therefore,  diesel  engines  are  equipped  with  air 
cleaners  or  filters  to  eliminate  du*tt  and  dirt 
particles.  There  are  two  distinct  types  of  air 
cleaners  used  on  diesels:  the  DRY  type  and  the 
OIL-BATH  or  WE>E^ype. 

The  dry-type  air  cleaner  draws  the  air 
through  a  cleaning  element,  which  may  consist 
of  cotton* fabric,  wire  screens  (specially  wound 
copper  crimp),  or  metal  wool  saturated  with 
oil.  The  cleaning  element  collects  the  dust  and 
other  abrasive  particles  from  the  air  before 
entering  the  engine.  The  hollow  housing  sup- 
porting the'  cleaning  element  also  serves  as  a 
silencer  to  lessen  the  whining  noise  of  the 
air  entering  the  air  cleaner,  * 

The  OIL-BATH  or  WET-TYPE  air  cleaner 
is  similar  to  the  dry-type  cleaner.  The  main 
difference  is  that  the  wet  type  contains  an  oil 
reservoir  in  the  air  cleaner  bowl,  and  the  air 
is  directed  downward  into  the  oil  bath,  where 
most  of  the  harmful  particles'  are  removed. 
The  air  then  continues  upward  through  the  clean- 
ing element  (metal  wool),  which  removes  the 
finer  harmful  particles  not  removed  by  the 
oil.  From  this  point,  the  filtered  air  continues 
down  the  central  c^ct  into  the  blower. 

FUEL  FILTERS 

Fuel  filters  are  built  into  the  fuel  supply 
systems  of  diesel  engines  to  filter  any  abrasive 
impurities  that  may  be  in  the  fuel.  These  im- 
purities may  have  been  difficult  to  eliminate 
during  the  process  of  refihing,  or  they  may 
enter  the*fuel  tank  through  careless  refueling. 
Whatever  the  source,  these  impurities  must  be 
removed  to  protect  the  closely  fitted  parts  in 
the  pumps  and  nozzles. 
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Figure  8-5.-Air  intake  system  through  blower  and  engine. 


Most  diesel  engines 'have  two  Mterswn  the 
fuel  supply  system.  The  primary  (coarse)  fil  er 
s  usually  located  between  the  supply  tank  and  he 
fuel  supply  pump,  and  the  secondary  (fme)filtei 
between  the  fuel  supply  pump  and  the  injection 
pump.  Additional  filtering  elements  are  fre- 
quently installed  between  the  injection  pump  and 

the  nozzle.  ,  f 

Diesel  fuel  oil  filters  are  referred  to  as 
FULL-FLOW  filters,  since  all  the  fuel  must 
.  pass  through  the  filters  before  reaching  the  in- 
jection pumps.  Filters' must  be  inspected  regu- 
larly and  cleaned  or  replaced  ,f  their  a^mum 
efficiency  is  to  be  maintained.  ALL  ME TAL«- 
DISK  filters  and  some  <CLOt1i-BAG  filters  are 
cleanable.  but  most  cloth  or  fabric  elements 
must  be  replaced  when  they  become  dirty. 


METAL-DISK  FILTER 

Thp  metal-disk  f ilter^swn  in  figure  8-6  is 
made  'of  a  series  of  laminated  disks  p  aced 
within  a  large  bowl  which  acts  as  a  settling 
chamber  for  the  fuel  and  encloses  ^  d*to  or 
strainer  assembly.  Fuel  enters  the  filter  at  the 
top  inlet  connection  and,  flowing  down  goes  be- 
tween the  disks,  and  then  up  a  central  passage 
to  the  outlet  connection  at  the  top.  Ehr .  and 
foreign  matter  cannot  pass  between  the  disks 
and  are  deposited  at  the  outer  rim.  The  clear- 
ance between  the  disks  (0.003  inch)  is  smaU 
enough  to  present  the  passage  of  water.  This  is 
possible  because  water,  when  present  m /gaso- 
line or  oil,  forms  small  globules  that  are  too 
large  to  pass  between  the  disks.  The  filter 
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shown  m  figure  8-6  is  the  same  as  the  one 
mentioned  above  except  that  a  cleaning  knife  is 
added.  Solids  larger  than  0,005  inqh  remain  on 
the  outside  at  the  element,  andvthe  cleaning 
knife  scrapes  these  deposits  off  the  filtering 
disks.  The  solids  fall  to  the  bottom  of  the  filter 
housing,  where  they  can  be  removed  through  the 
drain  plug  hole,  A  ball  relief  valve,  in  the  filter 
cover  enables  the  fuel  oil  to  bypass  the  filter 
element  if  the  disks  become  clogged,  A  diesel 


Figure  8-6, -Metal-disk  fuel  filter. 
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fuel  oil  filter  usually  has  an  air"fentfor  releas- 
ing any  air  which  might  accumulate  in  the  filter 
during  engine  operation, 

FABRIC  FILTER 

Fabric  filters,  because  of  their  greater  fil- 
tering qualities,  are  used  principally  as  mam 
filters  for  protecting  the  Aiel  injection  pump. 
Many  fuel  oil  filters  now  •«)  use  require  changing 
the  filteringelement,  Onetype  that  can  be  cleaned 
is  the  bag  type  shown  infigure8-7.  The  filtering 
medium  is  a  large  bagof  close,  evenlv-woven, 
linttess,  acid-resisting  material.  Mat:vr.jcl  sys- 
tems now  use  micrcporous  paper  fuel  filters 
which  are  replaceable 

COMBUSTION  CHAMBER  DESIGN 

Several  types  <f  Combustion  chambers  are 
used  in  modern  diesel  engines.  They  are  de-  * 
signed  to  create  turbulence  in  the  cylinder  in 


Figure  8 -7. -Cloth-type  fuel  filter. 
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order  to  mix  the  air  and  fuel  more  effectively. 
All  modern  combustion  chambers  may  be  clas- 
sified under  one  of  the  following  four  designs: 
OPEN  tvpe,  PRECOMBUSTION  type,  TURBU- 
LENCE chambers,  DIVIDED  chambers,  and- 
HYPERCYCLE  combustion  chambers.  In  con- 
struction equipment,  the  tnost  common  types  are 
the  open'  combustion  chamber  and  the.  pre- 
combustion  chamber. 

OPEN  COMBUSTION  CHAMBER 

The  open  combust  ion  chamber  (fig.  8-8)  is  the 
simplest  form  of  chamber.  The  turbulence  is 
generated  as  the  piston  comes  up  on  the  com- 
pression stroke  by  the  design  of  the  cylinder 
head  and* the  piston  crown.  The  injector  is 
mounted  in  the  cylinder  head  so  that  the  end 
extends  slightly  below 'tfie  bottom.  The  fuel 
is  mjecteJ  directly  into  the  combustion  space 
formed  bv  the  top  of  the  pistQn  and  the  cylinder 


head.  The  open  chamber  requires  higher  in- 
jection pressures  and  a  greater  degree  of 
atomization  to  obtain  the  proper  air7fuel  mixture 
than  the  other  types  of  combustion  chambers.  To 
equalize  combustion  in  the  combustion  chamber, 
it  .uses  multiple  orfice-type  injector  tip  for 
effective  penetration  and  angle  of  spray. 

PRECOMBUSTION  CHAMBER 

Figure  8-9  shows  a  diagram  of  a  precom- 
bustion  chamber.  This  chamber  is  usually 
separate  from  the  cylinder  head,  but  is  screwed 
or  pressed  into  the  openingprovided  in  the  cylin- 
der head.  The  precombustion  chamber  is  water- 
cooled  because  it  extends  through  the  water 
jacket  and  into  the  bottom  of  the  cylinder  head. 
It  must  be  sealed  at  both  ends  to  prevent  water 
'leakage.  As  the  piston  moves  up  on  the  com- 
pression stroke,  a  small  part  of  the  compressed 
air  enters  the  precombustion  chamber  where  it 
swirls  rapidly  within  a  small  space.  The  fuel 
nozzle  is  of  the  single  hole  type  and  is  mounted 
into  the  precombustion  chamber.   As   it  is 


PRECOMBUSTION 
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Figure  8-8. -Diesel  engine  open 
combustion  chamber. 


^  81.154 
Figure  8-9.-»Diesel  engine  precombustion 
chamber* 
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injected  from  a  single  hole  nozzle,  the  fuel 
is  only  slightly  atomized  and  depends  on  this 
highly  turbulent  air  for  further  atomization  and 
ignition.  Because  of  the  high  pressures  generated 
inside  the  precombustion  chamber  by  the  small 
amount  of  air  and  fuel  as  it  begins  to  burn,  the 
remaining  fuel  is  atomized  and  vaporized,  as  it 
is  injected  into  the  precombustion  chamber  and 
then  forced  into  the  main  combustion  sp^ce  to 
.complete  the  combustion  process. 

* 

TURBULENCE  CHAMBER 

The  turbulence -chamber  (fig.  8-10)  is  smu- 
ir  in  appearance  to  the  precombustion  chamber, 
xbut  its  function  is  different. '  There  is  'very 
little  clearance  between  the  top  of  the  piston  and 
the  head,  so  that  a  high  percentage  of  the  air 
between  the  piston  and  the  cylinder  head  is 
forced  into  the  turbulence  chamber  during  the 
compression  stroke.  The  chamber  is  usually 
spherical,  and  the  opening  through  which  the 
air  must  pass  becomes  smaller  as  the  piston 
reaches  the  top  of  the  stroke.  This  increases 
the  velocity  of  the  air  in  the  chambei.  This 
turbulence  speed  is  about  50  times  crankshaft 
speed*  The  fuel  injection  is  timed  to  occui  when 
the  turbulence  in  the  chamber  is  greatest.  This 
ensures  a  thorough  mixing  of  the  fu,el  and  air, 
causing  the  greater  part  of  combustion  to  take 
place  in  the  turbulence  chamber.  The  pressure 
created  "by  the  expansion  of  the  burning  gases 
is  the  force  fhat  drives  the  piston  downward  on 
,the  power  stroke. 

DIVIDED  CHAMBER  * 


a  combination  of  the 
and  the  turbulence 


The  Lanova  system  is 
precombustion  chamber 
chamber.  It  is  better  known  by  the  trade  name 
Lanova  comtiustiqn  chamber. 

In  the  Lanova  system,  the  main  volume  of 
air  remains  in  the  main  combustion  chamber, 
and  the  principal  combustion  takes  place  there- 
in. The  system  depends  „ on  a  high  degree  of 
turbulence  to  bring  about  thorough  'touring  and 
distribution  of  fuel  and  air.  /  ' 

Basically,  the  Lanova  system,  not  illustrated 
here,  consists  of  a  "figure  eight"  combustion 
chamber  located  centrally  over  the  piston  and 
a  small  air  chamber  called  thtf  ENERGY  CELL, 
in  which  combustion  takes  place  before  com- 
bustion in  the  main  chamber. 
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Figure  8-10, -Diesel  engine  turbulence 
combustion  chamber. 

HYPER  CYCLE  CHAMBER 

The  hypercycle  combustion  chamber  is  rela- 
tively new  to  internal  combustion  engines.  The 
action  which  takes  place  during  each  stroke  in 
this  type-  ^  combustion  chamber  is  illustrated 
and  explained  in  figure  8-11. 

.  GOVERNORS 


The  spee4  '  th>  ..--wer  output  of  an  engine 
are  determined  by  the  combustion  process  in 
the  cylinders.  Since  combustion  depends  upon 
air  and  fuel,  the  speed  and  the  output  of  an 
engine  can  be  controlled  by  regulating  the 
amounts  of  air  and  fuel  supplied  for  the  com- 
bustion process. 

In  diesel  engines,  a  varying  amount  of  fuel 
ib  mixed  with  a  constant 'amount  of  compressed 
air  inside  the  cylinder.  A  full  charge  of  air 
enters  the  cylinder  during  each  intake  event. 
Since  the  quantity  of  air  admitted  is  constant^ 
combustion  and,  m  turn,  speed  and  powe.r  out- 
put are  controlled  by  regulating  the  amount  of 
fuel  injected  into  the  cylinders. 

CONTROL  OF  ENGINE  SPEED 
AND  POWER 

In  a  gasoline  engine,  speed  and  output  are 
controlled  by  regulating  the  amount  of  air  flow- 
ing   into    the    cylinders  of  the  engine.  The 
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Figure  8-ll.-Hypercycie  combustion  chamber." 
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,  carburetor  is  designed  to  control  the  air  flow. 
The  amount  of  air  and  its  velocity,  in  turn,  con- 
trol the  quantity  of  fuel  with  which  the  air  is 
mixed  beforev  the  mixture  enters  the  cylinders. 

The  quantity  and  velocity  of  air  flowing  to  • 
the  cylinders  is  controlled  by  the  throttle  valve. 
By  operating  the  valve,  you  admit,  more  or  less 
air  to  the  engine,  and  the  carburetor  automat- 
ically supplies  the  gasoline  necessary  to  main- 
tain the  correct  fuel-air  ratio.  Regulation  of 
fuel  <$r  air  supply  by  manual  throttle  control  is 
adequate  when  engii^  speed  and  output -require- 
ments remain  rather  constant.  However,  the 
requirements  of  most  engines  used  by  the  Navy 
vary  Qecause  of  fluctuating  loads.  The  condi- 
tions dnder  which  construction  equipment  en- 
gines and  the  engine  of  a  generating  unit  operate 
are  examples  of  fluctuating  loads.  In  road  build- 
ing, construction,  equipment  constantly  carry 
heavy  ioads  outbound,  but  returns  with  no  load! 

^In  the  case  of  a  generating  unit,  the  demahds  for 
electricity  are  variable.  Manual  throttle  control 
is  not  adequate  to  hold  engine  speed  reasonably 
constant  during  such  fluctuations  4n  load.  For 
this  reason;  a  speed  control  device,  or  governor,  . 
is  provided  to  prevent  the  engine  from  over- 

*  speeding  and  to  allow  the  engine  to  meet  chang- 
ing load  conditions. 

RELATION  OF  GOVERNOR  TO 
FUEL  SYSTEM 

» 

Even  though  it  is  not  a  part  of  the  fuel  sys- 
tem, a  governor  is  directly  related  to  this 
system  since  it  functions  to  r,egulate  speed  by 
control  of  the  fuel  or  of  the  fuel-air  mixture, 
depending  upon  the  type  of  engine.  In  diesel 
engines^ governors  are  connected  in  the  linkage 
between  the  throttle  and  the  fuel  injecjtors*  The 
governor  acts,  through  the  fuel  injection  equip- 
ment, to  regulate  the  amount  of  fuel  delivered 
to  the  cylinders*  As  a  result,  the  governor  holds 
engine  speed  reasonably  constant  during  fluc- 
tuations in  load.  Since  the  speed  and  output  of  a 
gasoline  engine  depend  on  the  amount  of  fuel -air 
mixture  available,  governors,  when  used  on 
these  engines,  are  so  connected  that  they  control 
the  amount  of  the  mixture  flowing  from  the 
carburetor  to  the  intake  manifold. 

Governors,  like  carburetors  and  fuel  injec-, 
tion  equipment,  seem  somewhat  complicated 
unless  one  has  a  thorough  understanding  of  the 
construction  and  operating  principles  of  the 
equipment.  As  you  progress  through  the  Con- 
struction Mechanic  rating,  you  will  acquire, 


through  practical  experience  and  study,  the- 
•knowledge -necessary  to  understand  the  factors' 
which  may  seem  complicated  at  the  present. 
For  the  time  being,  it  is  enough  to  understand  . 
the  relationship  of  speed-control  dewces  to  the 
fuel  system  of  an  engine.  For  this  reason,  the 
information  on  governors  which  is  gr. en  m  this' 
course  is  general  m  nature. 


SPEED-REGULATING  GOVERNORS 
FOR  DIESEL  ENGINE 

The  type  of  load  and  the  degree  o{  control 
desfred  determine  the  kind  of  governor  to  be 
used  on  a  diesel  engine.. Since  all  governors 
used  on  diesel  engines  control  engine  speed 
through  the  regulation  *  of  the  quantity  ol  fuel 
delivered  to  the  cylinders,  these  governors 
may  be  classified  under  the  general  heading  of 
speed-regulating  governors.  Governors  used  on, 
diesel  engines  may  also  be  classified  in  various 
other  ways,  such  as  according  to  thet  function 
or  functions  performed,  the  forces  utilized  in 
operation,  and  the  njeans  ^j^which  the  governor 
operates  the  fuel-control  mechanism. 

Govgyricflrs  late  designed  to* control  engine 
speed  under  varying  load  conditions.  Since  the 
type  of  load  and  the  degree  of  control  desired 
vary  from  one  -type  of  installation  t$>  another! 
the  primary  function  of  a  governor  depends  upon 
the  requirements  of  a  particular  installation. 

Some  installations  require  that  engine  speed 
remain  constant  from  a  no-load  to  a  full-load 
condition.  Governors  which  function  to  main- 
tain a  constant  speed,  regardless  of  load,  are 
called  CONSTANT-SPEED  governors.  Gov-, 
ernors  which  maintain  any  desired  engine  speed 
between  idle  and  maximum  speeds  are  classi- 
fied as  VARIABLE-SPEED  governors.  Speed- 
control  devices  which  are  designed  to  keep  an 
engine  from  exceeding  a  specified  maximum 
speed  and  from  'dropping  below  a  speci^d 
minimum  speed  are  classified  as  SPEED- 
LIMITING  governors.  (In  some  cases,  speed- 
limiting  governors  function  only  to  limit  maxi- 
mum speed.)  Some  engine  installations  require 
a  control  device  that  limits  the  load  which  the 
engine  will  handle  at  various  speeds.  Such  de- 
vices are  called  LOAD-LIMITING  governors. 

A  governor  may  also  be  designed  to  perform 
two  or  more  >of  the  functions  just  listed.  In  this 
case,  the  operating  mechanisms  which  perform 
the  various  functions  are  combined  in  a  single 
unit.  > 
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SPRING- LOADED  CENTRIFUGAL 
GOVERNORS 


In  most  of  the  governors  installed  on  diesel 
engines  used  by  the  Navy,  the  centrifugal  force 
of  rotating  weights  (fly-balls)  and  the  tension 
"of  a  helical  coil  spring  lor  springs)  are  utilized 
in  governor  operation^On  this  basis,  most  of 
the  governors  used  on  diesel -engines  are  gen- 
erally called  SPRING- LOADED  CENTRIFUGAL 
governors. 

In  spring-loaded  centrifugal  governors,  two 
forces  oppose  each  other.  One  of  these  forces 
is  the  tension  of  a  spring  (or  springs)  which 
may  be  varied  either  by  an  adjusting  device  or 
by  movement  of  the  manual  throttle.  The  other 
force  is  produced  by  the  engine.  Weights  at- 
tached to.  the  governor  drive  shaft  are  rotated, 
and  a  centrifugal  force  is  cheated  when  the 
shaft  is  driven  by  the  engine.  The  centrifugal 
force  varies  directly  with  the  speed  of  the 
engine. 

Transmitted  to  the  fuel  system  through  a 
connecting  linkage,  the  tension  of  the  spring  (or 
spriirgs)  tends  to  increase  the  amount  of  fuel 
delivered  to  the  cylinders.  On  the  other  hand, 
the  centrifugal  force  of  the  rotating  weights, 
through  connecting  linkage,  tends  to  reduce  the 
quantity  of  fuel  injected.  When  the  two  opposing 
*  forces  are  equal,  or  balanced,  the  speed  of  the 
engine  remains  constant, 

>     To  illustrate  how  the  centrifugal  governor 

'*WksT  lef  ,,uif  assume  that  an  engine  ^operates 
under  load,  and  that  the  opposing  forces  in  the 
governor  are  balanced,  so  that  the  engine  speed 
is  constant.  If  the  load  is  increased,  the  engine 
speed  decreases,  resulting  in  a  reduction  in 
the  centrifugal  force  of  the  fly-balls.  The 
spring  tension  then  becomes  the  greater  force 
and  it  acts  on  the  fuel-control  mechanism  to 
increase  the  quantity  of  fuel  delivered  to'  the 
engine.  The  increase  in  fuel  results  in  an  in- 
crease in  engine  speed  until  balance  of  the 

-forces  is  again  reached,  >  i% 

When  the  load  on  an  engine- is  reduceti  or 
removed,  the  engine  speed  increases  and  the 
centrifugal  force  within  the  governor  increases. 
The  centifugal  force  then  becomes  greater  than- 
the  spring  tension  and  acts  on  the!fuel  control 
linkage  to  reduce  the-amount  of  fuel  delivered 

/  to  the  cylinders.  This  causes  the  engine  speed 
to  decrease  until  a  balance  between thg  opposing 
forces  is  again  reached  and  engine  speed  be- 
comes constant. 


OTHER  CLASSIFICATIONS 
OF  GOVERNORS' 


Governors  are  also  classified  according  to 
the  method  by  which  fuel-control  mechanisms 
are  regulated -Iiv  some -cases,  -the  -centrifugal 
force  of  the  rotating  weights  regulates  the  fuel 
supply  directly,  through  a  mechanical  linkage 
which  operates  .the  fuel-control  mechanism. 
Other  governors  are  designed  so  that  the  cen- 
trifugal force  of  the  rotating  weights  regulates 
the  fuel  supply  indirectly,  by  moving  a  hydraulic 
pilot  valve  which  controls  oil  pressure.  Oil 
pressure  is  then  exerted  on  either  side  of  a 
power  piston  which  operates  the  fuel-control 
mechanism. 

Governor*  which  regulate  the  fuel  supply 
directly  (through  mechanical  linkage)  are  called 
MECHANICAL  GOVERNORS;  and  those  Which 
control  the  fuel  supply  indirectly  (through  oil 
pressure)  are  called  HYDRAULIC  GOVERNORS, 
Simple  governors  of  the  mechanical  and  hydrau- 
lic types  are  shown  in  figures  8-12  and  8-13,  m 
respectively. 

Note  that  in  the  illustration  of  the  m^ch^w—  • 
cal  governor  the  weights,  or  flyballs,  are  in  an 
upright  position.  This  indicates  that  the  cen- 
trifugal force  of  the  weights  and  the  tension  of 
the  spring  are  balanced;  in  other  words,  the 
engine  is  operating  at  constant  load  and  speed. 
In  the  case  of  the  hydraulic  governor,  the  po- 
sitions of  the  parts  indicate  that  the  engine  is 
responding  to  an  increase  in  load  with',  a  re- 
sulting" decrease  irTen'girfe  speech  *Note  that  the  - 
weights  tilt  inward  at  the  top.  As  engine  speed 
decreases,  the  spring  tension  overcomes  the 
centrifugal  force  of  these  rotating  weights. 
When  the  spring  tension  is  greater  than  the 
centrifugal  force  of  the  flyballs,  the  governor 
-mechanism  acts  to  permit  oi]^  under  pressure 
to  force  the  piston  to  increase  the  fuel  valve 
opening.  The  increased  fuel  supply  causes  an 
increase  in  engine  power,  output  and  speed. 
The  governor  regulates  the  fuel  supply  so  that 
enough  power  is  developed  to  handle  the  in- 
crease in  load. 

Hydraulic  governors  are  more  sensitive 
than  those  of  .the  mechanical  type.  Also,  the 
design  of  a  hydraulic  governor  enables  a  com- 
paratively small  governing  unit  to  control  the. 
fuel  mechanism  of  a  large  engine.  The  me- 
chanical governor  is  used  more  often  on  small 
engines,  which  do  not  require  extremely  close 
regulation  of  the  fuel.'  Hydraulic  governors 
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Figure  8-12,-Simple  mechanical  governor, 

are  more  suitable  to  large  engines,  in  which 
more  accurate  regulation  of  fuel  is  necessary. 

DANGER  .OF  EXCESSIVE  ' 
SPEED  ' 

Engines  which  are  maintained  iir  proper  op- 
erating condition  seldom  reach  speeds  above 
those  for  which  they  are  designed.  However, 
there  may  be  times  when  speeds  become  too 
high.  The  operation  of  an  engine  at  excessive 
speeds  is  extremely  dangerous.  If  the  engine 
speed  is  high  enough,  the  high  inertia  and 
centrifugal  force  developed  may'  cause  parts 
to.,  become  seriously  damaged  or  even  to  fly 
apart.  Therefore,  it  is  essential  that  you  know 
why  an  engine  m&y  reach  a  dangerously  high 
speed,  and  how  it  may  be  brought  under  con- 
trol when  too  much  speed  occurs. 

CAUSES  OF  EXCESSIVE 
SPEED 

In  some  2-stroke  cycle  engines,  lubridating 
oil  may  leak  into  the  cylinders  as  a  result  of 
leaky  blower  seals  or  broken  piping.  Even 
though  the  fuel  is  shut  off,  the  engine  may 
continue  to  operate,  or  even  run  away,  as  a 
result  of  this  combustible  material  coming 
from  the  uncontrolled  sburce.  Engines  ir^ which 
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Figure  8- 13. -Simple  hydraulic  governor^ 

lubricating  oil  may  accumulate  in.the  cylinders 
are  generally  equipped  with  an  automatically 
operated  mechanism  which  shuts  off  the  ihtake 
^air  at  the  inlet  passage  to  the  blower.  If  no  air 
shut-off  mechanism  is  provided  and  shutting  off' 
the  fuel  will  not  stop  an  engine  which  js  over- 
speeding,  anything  which  can  J>e  placed  Over  the 
engine's  air  intake  to  stop  air  flow,  sach  as  a 
piece  of  canvas  or  even  a  pair  of  dungarees, 
will  stop  the  engine. 

Excessive  engine  speeds  more  commonly 
result  from  an  improperly  functioning  regulating 
governor  than  from  any  other  caose.  The  usual 
method  pf  accomplishing  an  emergency  shut 
do^  wheji  the  regulating  governor  fails  to  func- 
tion properly  is  to  Shut  off  the  fuel  oil  supply 
to  the  cylinders.  If  thisiails  to  slow  the  engine 
or  stop  >Lt,  the  air  supply  to  the  engine  must  be 
cut  off.    n  .  * 

CAUTION:  Do  no  risk  personal  injury  to  stop 
an  overspeeding  engine  when  all  normal  means 
have  failed. 

STOPPING  FUEL  SUPPLY 

Shutting  off  the  fuel  supply  to  the  cylinders 
pt  an  \engine  may  be  done  ifn  various  ways.  The 
fuel-control  mechanism  may  be  forced  to  the 
NO  FUEL  position;  the  fuel  line  may  be  blocked 
by  closing  a  valve;  the  pressure  in  the  fuel  in- 
jection line  may  be  relieved  by  opening  a  valve; 
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or  the  mechanical  movement  of  the  injection 
pump  may  be  prevented.  These  methods  of 
shutting  off  the  fuel  supply  may  be  done  either 
manually  or  automatically. 

♦ 

OVERSPEED  SAFETY 
DEVICES  . 

Automatic  operation  of  fuel  and  air  control 
mechanisms  is  accomplished  by  overspeed 
safety  devices.  As  emergency  controls,  these 
safetv  devices  operate  only  in  the  event  the  regu- 
lar speecfgovernor  fails  to  maintain  engine  speed 
within  the  Maximum  design  limit.  Devices  which 
function  to  bring  an  overspeeding  engine  to  a  full 
stop  bv  completely  shutt  ing  off  the  fuel  or  ai r  sup- 
ply are  generally  called  OVERSPEED  TRIPS.  De- 
vices which  function  to  reduce  the  excessive 
speed  of  an  engine,  but  allow  the  engine  to  operate 
at  safe  speeds,  are  called  OVERSPEED  GOVER- 
NORS. „        ..  '  . 

All  overspeed  governors  and  trips  depend 
upon  a  spring-loaded  centrifugal  governor  ele- 
ment for  their  operation,  m  overspeed  devices, 
the  spring  tension  is  great  enough  to  overbal- 
ance the  centrifugal  force  of  the  weights  until 
the  engine  speed  rises  above  the  desired  maxi- 
mum "When  an  excessive-speed  is  reached,  the 
centrifugal  force  overcomes\the  spring  tension 
and  operates  the  mechanismVwWohjstops  or 
limits  the  fuel  or  air  supply. 

GOVERNORS  AS  SAFETY 
DEVICES 

•  When  a  governor  serves  as  the  safety  devide, 
the  actual  operation  of  the'fuel  or  air  control^ 
mechanism  by  centrifugal  force  may  be  brought 
about  directly,  as  in  a  mechanical  governor,  or 
indirectly,  as  in  a  hydraulic  governor.  In  the 
case  of  an  overspeed  trip,  the  shutoff  control  is 
operated  by  a  power  spring.  The  spring  is  placed 
under  tension  when  the  trip  is  manually  set, 
and  held  in  place  by  a  latch.  If  the  maximum 
speed  limit  is  exceeded,  a  spring-loaded  centri- 
fugal weight  moves  out  and  trips?  the  latch 
allowing  the  power  spring  to  operate  the  shutoff 
mechanism. 

ELECTRICAL  SYSTEM 

Since  the  electrical  systems  ased  on  diesel 
engines  are  similar  to  those  used  on  gasoline 
engines,  the  information  given  in  chapters  6  and 
-   7  will  generally  apply  to  electrical  systems  on 
diesel  engines. 

urn 


The  manufacturer's  manual  will  explain  any 
unusual  features  m  the  electrical  system  of 
any  engine  with;  which  you  may  be  working. 

Lubrication  system 

One  of  the  most  important  iten©  contributing 
to  the  long  life  of  an  engine  is  that  of  proper 
lubrication.  The  main  job  of  the  lubrication 
system  is  to  overcome  friction  between  moving 
parts  If  this  friction  is  not  eliminated,  moving 
parts  will  melt,  fuse,  or  seize  after  a  very 
short  period  of  engine  operation. 

An  adequate  lubricating  system  has  been 
provided  to  meet4a  wide  variety  of  working  con- 
ditions of  our  modern  diesel  and  gasoline  in- 
ternal combustion  engines.  It  is  up  to  you  the 
MECHANIC   to  keep  this  system  functioning 

properly.  •  .  . 

The  major  difference  between  ,the  lubrica- 
tion svstems  of  the  gasoline  and  the  diesel  en- 
gine, is  that  the  latter  normally  contains  an  oil 
cool*4fig.  8-14).  The  oil  pump  draws  the  oil 
from  the  oil  pan.  through  the  strainer,  and 
goes  to  the  oil  cooler.  After  leaving  the  oil 
cooler  (where  the  water  from  the  cooling  system 
removes  the  heat  from  the  oil),  the  oil  enters 
the  main  gallery  (constantly  under  pressure) 
in  the  cylinder  block;  from  here  it  is  distributed 
through  small  holes  and  openings  to  the  various 
moving  parts  and  bearings. 

COOLING  SYSTEM 

There  are  two  types  of  cooling  systems  em- 
ployed in  diesel  engines.  One  type  uses  the 
principle  of  the  heat  exchanger.  The  heat-,  ex- 
changer is  a  device  that  transfers  heat  from 
one  fluid  or  liquid  to  another.  (The  oil  cooler 
mentioned  earlier  is  an  example  of  a  heat 
exchanger.) 

The  most  common  type  of  diesel  cooling 
system  is  a  radiator  and  cooling  fan.  Heat  is 
removed  by  circulating  water  through  water 
jackets  surrounding  the  hottest  parts  of-  the 
engine  (cylinders  and  the  full  length  of  piston 
travel).  Heat  "is  transferred  to-the  water  while 
the  water  is  being  pumped  through  the  passages 
of  the  cylinder  block  and  up  into  the  cylinder 
head.  The  water  then  passes  through  the  upper 
hose  connection  and  the  heated  water  is  carried 
into  the  radiator.  As  the  water  flows  down 
through  the  radiator  the  heat  is  removed  by  a 
stream  of  air  forced  through  the  radiator  by  the 
action  of  the  fan.  From  the  bottom  of  the 
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Figure  8- 14. -Sectional  view  of  an  oil  cooler, 

a  radiator,  the  water  flows  through  the  lower  hose 
connection  to  the  pump,  where  it  is  again  forced 
into  the  water  jackets  to  repeat  the  Pooling  cycle 
(See  fig-  8-15.) 

DIESEL  ENGINE  STARTING 
SYSTEMS 

Starting  diesel  engines  more  difficult  than 
starting  gasoline  engines  because  of  the  high 
compression  required  within  the  cylinders.  At 
low  temperatures,  starting  becomes  the  most 
difficult  pAblem  associated  with  diesel  equip- 
ment operation.  The  difficulty  lies  in  generating, 
by  compression,  adequate  heat  in  the  combustion 
chamber  to  ignite  the  fuel  injected  into  the  engine 
cylinder.  The  maximum  temperature  generated 
within  tfie  cylinder  depends  partly  on  the  initial 
temperature  of  the  fuel  apd  air  as  they  are 
introduced  into  the  cylinder.  In  addition,  the 
temperature  depends  on  the  cranking  speed  of 


the  engine.  To  enable  a  satisfactory  engine-start, 
the  engine  must  be  cranked  at  a  relatively  high 
speed. 

There  are  several  cranking  systems  in  use 
on  dieser  engines.   These  systems  include: 

1.  The  conventional  electrical  system  con- 
sisting of    storage  ^battery  and  crankmgmotor. 

2.  An  auxiliary  power  unit  consisting  of  a 
small  gasoline  "engine  which  cranks  the  diesel 
engine. 

3.  A  pneumatic  unit  consisting  of  a  com- 
pressed air  reservoir,  and  an  air-driven  crank- 
ing motor. 

4.  A  hydraulic  combination  consisting  of  an 
oil  pump,  a  high  pressure  accumulator,-  and  a 
hydraulic  oil-driven  motor. 

More  information  relating  to  the  starting 
systems  on  specific  engines  is  included  in 
chapter  9  of  this  course. 

> 

'    SERVICE  AND  MAINTENANCE 

There  is  probably  no  other  equipment  in  the 
Navy  tha^  operates  under  worse  conditions  than 
your  earth  moving  equipment.  The  dirt  ,and 
dust  kicked  up  by  the  dozing,  grading,  and  dig- 
ging operations  are  the  worst  enemy  of  the  in- 
ternal combustion  engine.  Therefore,  you  must 
constantly  keep  check  on  your  oil  filters,  air 
cleaner,  water,  oil,  and  fu^l  systems. 

Daily  inspections  should  include  visual  in- 
spections for  le'dfys  in  all  engine  systems-oil, 
water,  fuel,  and  air,  Replace  lines  and  fittings 
that  show  evidence  of  wear  or  leaks  and  tighten 
all  connections.  Use  the  proper  tools  to  tighten 
fittings.  Remember,  stripped  threads  and 
t  rounded  corners  on  pipe  connections  are  evid- 
ence of  improper  maintenance. 

DETECTING  FAULTY 
ENGINE  OPERATION 

A  misfiring  cylinder  can  be  detected  by 
checking  the  exhaust  fittings  leading  from  the 
individual  cylinders.  The  coolest  cylinder  is 
usually  the  offender.  /  ' 

An  unusually  hot  exhaust  pipe  indicates  a 
cylinder  receiving  an  improper  mixture-usually 
too  much  fuel  or. late  fuel  injection.  Fuel  ntft 
completely  burned  inside, the  cylinder  contfnues 
to  burn  in  the  exhaust  manifold,  and  results  in 
excessive  heat*  The  exhaust  gases,  mixed  with 
unburned  fuel  particles,  leave  the  manifold  in 
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Figure  8-l5.-Cooling  system  for  'international  engine. 


the  form  of  brown  or  black  smoke.  The  smoky 
ttchaust  gases  may  also  indicate  the  use  of 
improper  fuel  and  worn  piston  rings. 

Engine  Or  fuel  KNOCKS  cato  result  from 
fuel  injection  timed  too  early,  spray-nozzle 
valves  failing  to  close  properly,  and  dirt  or 
water  in  the  fuel.  It  is  obvious  then,  that  most 
diesel-engtae  operating  troubles  can  be  traced 
to  improper  fuel  injection,  and  dirt  or  other 
foreign  matter  in  the  system. 

NOZZLE  CLEANING,  TESTING, 
AND  ADJUSTMENT 

The  first  step  before  working  on  fuel  injec- 
tion equipment  is  to  get  a  clean  space  on  a 


tench.  Have  all  the  equipment  ready  with  plenty 
of  clean,  soft  tissues  (toilet  tissues)  or  lint-free 
cloths.  Handle  all  parts  carefully  and  follow  the 
directions  in  the  manufacturer's  instruction 
manual.  In  particular,  never  use  hard  or  sharp 
tools,  emery  cloth,  grinding  compounds,  or  any 
abrasives  on  injection-nozzle  parts. ; 

'  If  an  injector  appears  to  be  faulty,  you  can 
perhaps  learn  why  it  is  faulty  by  using  a  nozzle 
tester.  This  instrument  may^Ee  used  without 
taking  the  injector  apart.  Nozzle  testers,  all 
work  on  the  same  principle.  The  injector  is 
connected  to  a  hand  pump  with  which  you  force 
bil  through  the  injector.  A  pressure  gage  is  at- 
tached to  the  pump  so  that  you  can  read  directly 
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the  opening  pressure  at  which  the  Injector  is 
set.  You  can  easily  test  for  leakage,  and  see 
the  spray  pattern  as  the  oil  $omes  out  of  the 
injector, 

ADJUSTING  VALVE 
OPERATING  MECHANISMS 


Intake  and  exhaust  valves  are  operated  by 
rocker  arms  and  push-rod  assemblies  worj^ng 
off  the  engine  camshaft.  It  is  important  that  the 
proper  clearance  (valve  lash)  be  maintained  in 


the  linkage  to  compensate  for  expansion  as  the 
engine  heats  up. 

Too  much  clearance  will  cause  noise,  and  the 
valves  will  not  remain  open  long  enough. 

Too  little  clearance  will  prevent  proper 
seating  and  will  cause  burnt  and-leaky  valves:' 

The  adjustment  of  valve  clearances  can 
generally  be  changed  by  an  adjustment  screw  in 
the  rocker  arm  or  by  a  threaded  part  of  the 
push  rod.  (See  fig.  8-16.)  A  locknut  is  provided 
with  either  device. 

The  manufacturer's  manual -will  give  the 
proper  setting  and  the  valve  adjustment  pro- 
cedures. 
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CHECKING  THE  AIB  INTAKE 
SYSTEM  \ 

\ 

To  check  the  lilowers  or  superchargers  for 
oil  leaks,  remove,  the  blower  Inspection  plate 
or  the  inlet  connection  so  that  you  can  check 
the  ends  of  the  lobes  or  rotoVs  and  case  for  oil 
aks  around  the  seals.  If  wet  oil  appears  at 
the  ends  of  the  rotors  or  if  there  is  excessive 
oil  consumption,  the  seals  should  be  replaced. 
In  making  your  inspection  be  sure  you  check  all 
oil  lines  and  connections  for  leaks,  and  correct 
as  required. 

In  checking  the  turbocharger,  you  should 
check  both  the  intake  and  exhaust  sides  for  wet 
oil  leaks;  if  oil  is  present  check  to  see  that  it 
is  not  caused  by  worn  rings  or  oil-over-condi- 
tion from  the  air  cleaner.  Like  the  blower 
and  supercharger,  check  all  gil  lines  and  con- 
nections for  leaks,  and  correct  as  required. 

PRIMING  THE  FUEL  SYSTEM 

Any  time  theluel  flow  is  broken  and  air  en- 
ters the  fuel  system,  the  fuel  system  must  be 
primed.  This  process  is  often  called  bleeding 
the  system.  If  air  &  left  in  the  lines,  the  fuel 
system  may  be  airbound,  resulting  in  inability 
to  "start  the  diesel  engine  or  missing  of  one  or 
more  cylinders. 

If  the  engine  will  not  start,  open  the  main  fuel 
line  vent.  Then  crank  the  engine  until  a  flow  of 
fuel  through  the  vent  becomes  continuous  and 
contains  no  air  bubbles.  Be  sure  the  vent  is 
closed  before  attempting  to  restart  the  engine. 
Figure  8-17  shows  the  location  of  the  vents  in 
the  Caterpillar  diesel.  If  one  or  more  cylinders, 
are  MISSING  when  the  engine  is  running,  it  may 


be  necessary  to  open  the  individual  vents,  view 
A,  or  fuel  linest  view  B,  leading  from  the 
injection  pumps  to  the  cylinders  to  remove 
remaining  air  bubbles.  For  complete  details  on 
the  priming  procedure,  consult  the  manufac- 
tprer's  manual. 

In  servicing  the  diesel  engine,  bear  in  mind 
that  it  has  essentially  the  same  engine  systems 
you  will  find  on  the  gasoline  engine.  With  the 
exception  of  the  fuel  systems,  maintenance  of 
both  engines  is  the  same.  Make  your  inspec- 
tions according  to  the  shop  preventive  mainte*f 
nance  schedule.  A  good  mechanic  keeps  abreast 
of  the  changes  in  his  equipment/ 

DIESEL  ENGINE  (MULTIFUEL) 


In  some  of  the  present  types  of  military 
vehicles,  such  as  the  2  1/2  ton  cargo  truck, 
M35A1,  a  multifuel  diesel  engine  is  being 
utilized.  This  *  engine  is  tasicajly  the  'same 
as  other  conventional  typa/dies'el  engines  Ur 
respect  to  internal  moving  j»cts.  The  unique 
feature  of  this  engtaje  (as  the-nSffiTe  multifue^ 
ipiplies)  is  that  it  is  capable  of  operating  on 
more  than  one  type  of  fuel.  The  engine  oper- 
ates on.  the  4-stroke  cycle  principle  and  is 
-a  compression  ignition  engine. 

The  M35A1,  LD  465-1,  and  LDS 465-1  multi- 
fuel  engines  can  operate  successfully  on  diesel 
fuel,  and  regular  grade  gasoline.  High  octane 
fuels,  such  as  aviation  or  premium  gasolines, 
should  not  be  used.  No  modifications  or  adjust- 
ments are  necessary  when  changing  types  of 
fuel.  A  fuel  density  compensator  is  provided  as 
a  part  of  the  fuel  injector  pump  thereby  auto- 
matically maintaining  maximum  engine  power, 
for  that  fuel,  regardless  of  the  type  of  fuel,  or 
mixture  of  fuels  being  used  in  the  engine. 
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CHAPTER  9 

SOME  COMMON  MODELS  OF  DIESEL  ENGINES 


The  previous  chapter  treated  the  diesel  en- 
gine generally  as  a  mechanical  unit.  In  this 
chapter,  we  will  consider  operative  principles 
of  some  specific  models.  These  are  some  of  the 
common  models  used  by  the  Seabees  to  power 
-tractors  and  other  heavy  duty  and  construction 
equipment.  $ 

;  This  chapter  will  also  Include  some  Informa- 
tion on  diesel  .engine  mauifenance-  ta^th  a  gen- 
eral and  specific  manner.  5  1  11 

GENERAL  MAINTENANCE 

Modern  diesel  engines  are  products  of  much 
research,  skillful  engineering,  and  preclslqn; 
manufacturing.  When  given  proper  care  and 
maintenance  they  will  give  many  hours  of  satis- 
factory servfce.  ;  "  v ' 

Because  a  diesel  engine  depends  on  the  heat 
Of  compression  for  ignition  and  proper  combus- 
tion, It  Is  necessary,  for  efficient  operation, 
that  the  engine  run  In  the'  heat  range  specified 
by  the  manufacturer.  If  an  engine  Is  running 
too  hot  or  too  cold,  check  the  cooling  system, 
Including  the  water  pump  and  fan  belt.  It  may 
be  necessary  to  remove  and  test  the  thermo- 
stats. Pressure  type  cooling  systems  are  pro- 
vided on  most  modern  equipment.  This  enables 
an  engine  to  operate  at  a  higher  temperature 
•without  boiling  the  coolant.  The  pressure  relief 
valve  In  the  System  (usually  In  the  radiator  cap) 
should  be  checked  periodically.  If  the  pressure 
'  becomes  too  great,  there  Is  danger  of  blowing 
a  radiator  hose  or  rupturing  a  tubelnthe-radiar 

tor  core.  , 

The  electrical  charging  and  starting  circuits 
of  diesel  engines  are  much  the  same  as  In 
gasoline  engines.  These  have  been  discussed 
In  chapters  6  and  7  of  this  book. 

Fuel  systems  of  diesel  engines  will  be  dis- 
cussed In  this  chapter.  If  all  diesel  engines  had 
nearly  Identical  fuel  systems  (like  gasoline 


engines)  trouble  diagnosis  and  maintenance  pro- 
cedures could  follow  a  general  pattern/  much 
like  the  one  that  is  used  for  gasoline  engines. 
But,  with  the  exception  of  similar  fuel'  tanks, 
filters,  and  a  basic  piping  system,  diesel  engine 
fuel  systems  differ  considerably.  Consequently, 
each  engine  manufacturer  recommends  different 
-specific  maintenance  procedures.  Those  de- 
•  scribed  herein  for  the  more  Ropular  Interna- 
-♦tloniL  Ca,terpllfar,  Cummins,  and  General 
Motors  diesels"  are  by  1nff%eans^^O^Ul  . 
need  to  know.  However,  the  tune-up  and  nialn- 
tenance  procedures  described  are  represen- 
tative of  jobs  you  will  do.  For  all  jobs  you  do 
not  thoroughly  understand,  refer  to  the  manu- 
facturers', maintenance  manuals. 

DIRT  IN  FUEL  SYSTEM 

Many  diesel  engine  operating  troubles  re- 
sult directly  or  indirectly  from  dirt  in  the  fuel 
system.  That  is>  why  proper  fuel  storage  and 
handling  Is  so  Important.  One  of  the  most  Im- 
portant aspects'  of  diesel.  fuel  Is  cleanliness. 
The  fuel  should  not  contain  more  than  a  trace 
of  foreign  substance;  otherwise/fuel  pump  and 
Injector  troubles  will  occur.  Diesel  fuel,  because 
It  Is  more  viscous  than  gasoline,  will  hold  dirt' 
In  suspension  for  longer  periods.  Therefore 
every  precaution  should  be  made  to  keep  the 

•'  fuel  clean.  • 

If  the  engine  starts  missing,  running  irreg- 
ularly, rapping,  or  puffing  black  snloke  from 
the  exhaust  manifold,  look  for  troi/ble  at  the 
'  spray  nozzle  valves.  In  this  event,  It  Is  almost 
a  sure  bet  that  dirt  is  responsible  for  improper 
fuel  injection  into  the  cylinder.  A  valve  held 
open  or  scratched  by  particles  of  dirt  so  that 
it  cannot  seat  properly  will  allow  fuel  to  pass 
into  the  exhaust  without  being  completely  burned, 

.     causing  black  smoke.  Too  much  fuel  may  cause 
ij  cylinder  to  miss  entirely.  If  dirt  prevents 
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the  *  proper  amount  of  fuel  from  entering  the 
cylinders  by  restricting  spray  nozzle  holes,  the 
engine  may  skip,  or  stop  entirely:  In  most  cases, 
injector  or  spray  valve  troubles  are  easily 
identified. 

Improper  injection  pump  operation,  however, 
is  not  so  easily  recognized.  It  is  more  likely 
caused  by  excessive  wear  than  by  an  accumula- 
tion of  dirt  or  carbon  such,  as  the  spray  nozzle 
is  "subjected  to  in  the  cylinder  combustion  cham- 
ber. If  considerable  abrasive  dirt  gets  by  the 
filters  to  increase  (by  wear)' the  very  small 
clearance  between  the*  injector  pump  plunger 
and  barrel,  fuel  will  leak  by  the  plunger  in* 
stead  of  being  forced  into  the  injector  nozzle 
in  the  cylinder.  This  gradual  decrease  in  fuel 
delivery*  at  the  spray  nozzle  may  remain  un- 
noticed for  some  time,  or  until  the  Equipment 
Operator  complains  of  sluggish  engine  perfor- 
mance^ . 

Although  Worn-  injector  pumps  will  result 
in  loss  o(f  engine  powder  and  haxd  starting,;  i^orn 
piston  rings,  cylinder  liners,  and  valves  (air'* 
intake  or  exhaust)  can  be  responsible  for  the 
same  conditions.  However,  with  worn  cylinder 
parts  or  valves,  the  hard  starting  and  loss  of 
power  wili  be  accompanied  by  poor  compres- 
sion, a  smbky  exhaust,  and  excessive  blow-by 
froin  the'  crankcase  breather. 

*  WATER  IN  FUEL  SYSTEMS 

It  requires  only  a  little  WATER  in  a  fuel 
system  to  cause  an  engine  to  miss,  and  if  pres- 
ent in  Urge  enough  quantities,  the  engine  will 
stop  entirely.  Many  fuel  filters  are  designed 
to  dlog  completely  when  exposed  to  water,  there- 
by stopping  all  fuel  flow.  Water  that  enters  a 
tank  with  the  fuel  oil,  or  that  forms  by  conden- 
sation in  a  partially  empty  tank  or  line,  usually 
settles  fa  the  lowest  part  of  the%fiiel  system. 
This  water  should  be  drained  off  daily. 

AIR  IN  FUEL  SYSTEMS 

Air  trapped  in  diesel  fuel,  systems  is  one  of 
the  main  reasons  fox^a  hard  starting  engine* 
Air  can  enter  the  fueLsystem  at  loose  joints 
in  the  piping  or  through  a  spray  nozzle  that 
does  not  close  properly.  Letting  the  vehicle  run 
out  of  fuel  will  also  cause  air  to  enter  the  system. 
Like  water,  air  can. interfere  with  the  unbroken 
flow  of  fuel  from  the  tank  to  the  cylinder.  A 
great  deal  of  air  in  a  system  will  prevent  fuel 
pumps  from  picking  up  fuel  and  pushing  it. 


through  the  piping  systems.  Air  can  be  removed 
by  bleeding  the  system  as  set  forth  in  the  pro- 
'  cedures  described  in  the  manufacturer's  main- 
tenance manual.  V 

SERVICING  INJECTION  EQUIPMENT 

Diesel  injection  parts  (injectors  or  spray 
valves  and  pumps)  are  assembled  units  of  pre- 
cision parts;  they  cannot  be  cleaned  or  adjusted' 
adequately  in  the  field.  To  operate  efficiently, 
they  must  be  cleaned,  Repaired,  and  adjusted 
with  special  equipment. 

Proper  arrangement  .and  suitable  housing 
of  injector  test  apparatus  are  essential  so  that 
the  apparatus  can  be  given  proper  care  and 
protection. 

CLEANING  INJECTORS 

Unless  special  servicing  equipment  and  re- 
pair instructions  are  available,  defective  nozzles 
and  .pumps  are  usually'exchariged  for  new  ones. 
However,  in  an  emergency,  ancj  if  spray  valves 
or  pumps  are  not  too  badly  worn,  they  may  be 
returned  to  a  serviceable  condition,  with  minor 
adjustment,  after  a  thorough  cleaning. 

Injector  Auray  nozzles  or  pumps  should  never 
be  disassembled  in  the  field.  They  should  be  v 
removed  fromlthe  equipment  and  brought  to  the 
shop  for  'repair.  The  first  requirement  for  the 
cleaning  job  is  a  clean  working  space. 

Use  clean  diesel  fuel  for  washing  the  parts. 
Disassemble  one  nozzle  or  pump  assembly  at 
a  time  to  prevent  mixing  of  mating  parts.  Ex- 
ercise care  to  prevent  damage  to  nozzle  and 
pump  parts.  Inspect  and  clean  all  parts  as  they 
are  disassembled.  Carbon  may  be  scrapedfrom 
the  outside  of  the  nozzle,  but  be  careful  not  to 
mzr  the  Sftges  of  the  holed  (orifices).  When 
cleaning  fluid  is  used  to  clean  pump  and  nozzle 
parts,  dip  the  parts  in  diesel  fuel  immediately 
after  cleaning.  This  will  prevent  moisture  from 
the  hands  from  marring  the  highly  polished 
surfaces.  ^ 

(^earning  tools  and  special  drills  are  provided 
for  cleaning  spray  nozzle  holes.  No  drills  other 
than  those  recommended  b^the  manufacturer 
should  be  jjged.  The  drills  are  hand  operated', 
the  smaller,  needle-type,  being  held  with  a  small 
chuck  called  a  "pin  viste"  (fig.  9-1). 

in  performing  reaming  operations,,  remove 
only  the  foreign  matter;  be  particularly  careful 
not  to  burr  the  metal. 
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Figure  9-1.— Cleaning  injector  spray 
holes. • 


"  2.45 
nozzle 


TESTING  FUEL  INJECTION 

* 

When  fuel  injection  troubles  are  suspected, 
and  before  removing  the  injector  nozzle*  for 
shop  testing,  it  is  a  good  practice  to  check  the 
injectors  to  find  out  if  just  one  of  them  is  caus- 
ing the  trouble.  To  do  so,  first  operate  the 
engine  at  a  speed  at  which  the  defect  is  more 
pronounced.  While  the  engine  with  the  pump 
and  nozzle  fuel  system  operates  at  thissspeed, 
looses}  the  fuej  line  connection  at  each  injection 
jHrap^qne  at  |  tjme1o]^Bt i^^i^^dinderw * 
wfien^^  no™ 
difference  in  the  irregular  operation  of  the 
engine,  the  injector  for  that  cylinder  is  probably 
causing  the  trouble  and  needs  to  be  removed 
and  tested.  It  is  seldom  that  one  iijJGttor  valve 
alone  is  responsible  for  all  the  trouble.  There- 
fore, you  should  continue  the  testing  until  all 
injectors  have  been  tested.  4 

More  will  be  said  about  injector  testing* 
later  in  this  chapter  when  troubleshooting  and 
maintenance  of  fuel  systems  of  specific  models 
of  engines  are  discussed. 

Up  to  now  what  has  been  said  applies  gen- 
erally to  all  fuel  systems.  *  .  ^ 

CATERPILLAR  DIESEL  ENGINE 

r 

The  Caterpillar  diesel  "is  a  4-stroke  cygle 
engine  manufactured  in  4-, '6-,  8-,  an£  12-. 


,4 

cylinder  models.  It  is  made^rtth  in-line  or^ith 
V-blocks,  to  drive  road  machinery,  shovels,  and 
stationary  industrial  £nd  marine  equipment,  as 
wefl^aa  tractors.  Figures  9-2  and  8-3  show  cross 
sections  of  a  Caterpillar  diesel  engine.  The 
designations  D-7,  D-3,  D-9  and  so  on  indicate  the 
size  of  the  tractor. 

* 

The  Caterpillar  is  started  by  4-stroke 
cycle,  2-cylinder  gasoline  engine  (fig.  9-4),  or^ 
by  direct  starting  with  an  electric  starting  motor. 


From^Sgure  9-4  you  can  get  an  idea  of  th§ 
relative  size  of  the  starting  engine.  The  assembly 
includes  a  magneto  ignition  and  one  of  two  types 
of  clutch.  The  engine  with  a  WET-TYPE,  mul- 
tiple-disk clutch  and  the  engine  with  a  T)OVW&- 
PLATE,.  SPRING-TYPE  clutch  both  have  a  two 
speed  transmission.  *  The^transmission  has  a 
HIGH  RANGE  for  normal  starting  and  LOW 
RANGE  for  cold  weather  starting.  Figi/re  9-5 
shows  a  clutch  and  transmission  asseVnbly  of  a 
gasoline  starting  engine. 

Many  of  the  late  model  Caterpillar  diesel 
engines  are  direct-start  diesel  engines  and  do 
not  use  the  gasoline  starting  engines.  They  use 
a  24-volt  starting  motor,  which  is  geared  di- 
rectly to  the  diesel  engine  flywheel,  and  a  series 
parallel  starting  switch.  The  starting  motor  and 
the  serieb  parallel  switch  are  explained  in 
chapter  7  of  this  manual. 


In  cold  weather,  the  gasoline  starting  engine 
is  advantageous  in  that  it  will  crank  the  diesel 
engine  for  a  prolonged  period  of  time,  circu- 
lating the  lubricating  oil  and  coolant  in  the  diesel 
engine  before  it  is  started.  The  exhaust  pipe  of 
the  starting  engine  runs  through  the  intake  mani- 
fold of  the  diesel  engine,  thus  the  intake  air  of 
the  diesel  is  warmed  prior  to  entering  the 
cylinders.  ^ 

The  Caterpillar  diesel  has  a  compression 
release  mechanism  that,  holds  valves  off  their 
seats.  In  some  models  of  engines  the  intake 
valves  are  held  open,  while  in  others  the  ex- 
haust valves  are  open.  When  the  compression 
release  lever  is  engaged,  the  engine  is  easy 
to  crank. 

*  The  procedure  for  starting  a  Caterpillar 
diesel  differs  with  the  model  of  the  engine: 
Therefore,  no  ex^gt  starting  procedure  will  be 
given  in  this  manual.  If  in  jpubt  about  the 
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1.  Piston  pin. 

-  2.  Valve. 

3.  Valve  rotator. 

4.  Piston.  j 

5.  Head. 

6.  "Precombustion  chamber.  1 

7.  Valve  cover, 

8.  Crankcase  breather  A 

9.  Wat.er  director. 

10.  Fuel  injection  pump. 

11.  Fuel  filter. 

12.  Water  temperature  regulator 

13.  Governor. 


14.  Cylinder  liner.,  v 

15.  FlywheeC 

16.  Yibrayon  damper. 

17.  Rear  main  bearing. 

18.  Connecting  rod  bearing. 
Oil  pump. 
Camshaft. 

21.  Center  main  thrust  bearing. 

22.  Fuel  pump  lifter  assembly. 

23.  Fuel  transfer  pump. 

24.  -Hour  meter." 
25T0U  pump  drive  gear. 


r 
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Figure  9-2.-6-cylinder,Cat^rpillar  diesel  enginecright  side  (cutaway  view). 





O 


1.  Water  manifold.  *  7.  Push  rod. 

ftf  2.  Rocker  arm.  J.  Connecting  rod. 

jg?3.  Valve' springs.  •     J-  OU/^; 

4  Fuel  injection  valve.  10.  Valve  lifter. 

•  ,      5!  Air  cleaner.  •  U.  Water  pump 

6.  Compression,  release  rod.  12,  By-pass  valve. 

Figure  9-3.-6-cylinder  Caterpillar  diesel  engine  front  (cutaway  view). 
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Figure  9-4.—  Starting  engine  side  of  a  6-cylinder  Caterpillar  engine. 
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starting  procedure  of  the-engineyouare  working 
on,  check  with  your  leading  petty  officer  or  the 
manufacturer's  manual. 


EL  INJECTION  SYSTEM 


The  Caterpillar  diesel  engine  uses  the/pump 
and  nozzle  injection  system  (fig,  9-6).  ' 

Each  pump  measures  the  amount  of  fuel  to 
be  injected  into. the  particular  cylinder,  pro* 
duces  the  pressure 'for  its  injection,  and  times 
the  exact  point  of  injection.  The  injection  pump 
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plunger  Is  lifted  by  cam  action  and  returned  by 
spring  action.  The  metering  of  fuel  is  varied 
by  the  plunger  turning  in  .the  barrel.  These 
plungers  are  turned  by  governor  action  through 
£  rack  which  meshes  with  the  gear  segments  on 
the  bottom  of  the  pump  plungers.  Each  pump  is 
interchangeable  With  other  injection  pumps 
mounted  on  the  pump  housing.  J 

The  capsule-type  nozzle  is  widely  used  in 
Caterpillar  diesel  engines.  (See  fig.  9-7  J  The 
capsule-type  Aozzle  is  a  sealed  unit;  tiy^refore 
it  must  be  replaced  when  worn  or  darrfaged,  al- 
though the  tip  opening  may  be  cleaned  with  a 
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special  tool  If  clogged,  or  dirty  with  carbon 
deposit,  * 

l^ejuel  is  drawn  from^e  tank  by  a  gear- 
Type  transfer  pump  which*  'delivers  the  *  fuel* 
through  filters  into  the  fuel  manifold  in  the  fuel 
injection 'housing;  from  the  fuel  manifold,  the 
fuel  is  supplied  by  separate  passages  to  the 
individual  fuel  injection  pumps.  The  fuel  in- 
jection pumps  deliver  the  proper  amount  of  fuel 
through  the,  fuel  lines  to  the  individual  fuel 
injection  valves  at  the  proper  time.  From  the 
injection  valves  the-fuel  enters  the  preeombus- 
tion  chambers.  Ignition  starts  to  take  place  in 
the  precombustion  chamber^. 


Remoyal  of  Injection  Valves 

When  there,  is  a  requirement  for  removal 
of  injection  valves  from  the  engine  ♦  clean  all 
dust  and  dirt  from  the  injectors  and  adjacent 
area  to  prevent  dirt  from  entering  the  fuel 
system.  Disconnect  the  drain  tube  and  fuel 
inlet  line  and  remove  the  flange  nuts  that  hold 
the  injector  valves  in  place.  Be  sure  to 'seal 
the  injector  4nd  fuel  line  openings  to  prevent 
foreign  matter  from  entering.  Refer  to  manur 
facturer^s  repair  manuals  for  the  proper  pro- 
cedures in  testing  andVepairof  injection  valves. 

When  reinstalling^j^lnjectors  or  replace- 
ments, make  sure  there  is  no  dirt  on  the  end 
of  the  injector  or  on  the  seat.  After  wiping 
these  parts  and  putting  the' injector  in  place, 
the  flange  nuts^  should  be  drawn  down  evenW. 
Tighten  them  only  ^enough  to  prevent  compres- 
sion leaks  from  the  cylinder.  ^  * 


Replacement  of  Injection  Pumps  '   . , 

Caterpillar  injection  pumps  are  interchange- 
able between  cylinders  on  a  particular  engine 
and  also  between  engines  having  the  same  bore, 
no  matter  whether  the  engines  ha^e  four  or  six 
cylinders.  However,  each  fuel  injection  pump 
assembly  is  machined  and  lapped  to  such  exact 
clearances  between  the  plunger  and  barrel  that 
they  must  be  used,  removed,  and  replaced  as  a 
unit.  "  ' 

In  re&pving  fuel  injection  pumps,  take  every 
precautiofrftk^revent  dirt  from  entering  the 
pump  or  pump  housing.  Therefore,  before  dis- 
connecting any  fuel  lines  or  removing  the  in- 
spection plate 'on  the  pump  asseitibl/  housing, 
clean  the  top  and.sides  of  the  housing  thoroughly. 


It    ir  20         21  22 


1. 
2. 

3. 
4. 

>5. 
6. 
7. 

8. 

9. 
10. 


Magneto. '  11. 
Governor  drive 

gear.  12. 

Governor  weight.  13. 
Governor  control 

fork.  .  H. 
Control  lever.  x 

Linkage.           ♦  15. 

High  idle  control  16. 

spring.  17. 

High  idle  adjust-  18. 

ing  nut.  19. 

Flywheel.  20. 

Impulse  pdup-  21. 

ling.  22. 


Hand  crank 
mechanism. 
Clutch  collar. 
Governor  sliding 
sleeve. 

Magneto  drive 
trunnion. 
Camshaft  gear. 
Crankshaft  gear. 
Oil  pump. 
Crankshaft. 
Camshaft. 
Clutch. 

Transmission; 
Pinion. 
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Figure  9-5.— Clutch  and  transmission 
assemblies  Qf  a  gasoline  starting  engine. 


Start  with  the  end  pump  of  each  bank  when 
you  are  ready  to  remove  'them.  With  4-cylinder 
engines  there  is  only  one  bank  of  pumps,  but  with 
6-cylinder  engines  the  pumps  are  arranged  in 
two  banks  of  thsefe  each.  The  end  pumps  can  be 
removed  without  disturbing  the  others.  The- 
center  pump,  fQr  example  two  or  five  in  a  6-  * 
cylinder  arrangement,  can  be  removed  more  t 
easily  if  the  pump  next  to  it.  has  been  removed/^ 

After  disconnecting  the  fuel  lines  from  the 
pumps,  cover  the  openings  immediately  "with  the 
caps  andt  plugs  -provided-  in  the  tool  kit  for  this 
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1. 

Injection  pump. 

8.  Housing. 

2. 

Injection  valve. 

9.  Tank. 

•3: 

Passage.  . 

10.  fcage. 

4. 

Lower  vent.  , 

11.  Housing. 

.5. 

Upper  chamber. 

12.  Transfer  pump. 

6. 

Upp^r  vent. 

13.  Lower  chamber. 

7. 

Bypass  valve. 

81.344 

Figure  9-6.— Caterpillar  fuel  system. 

/  m 

purpose.  Then,  after  removing  the  coupling,  re-  Lift  out  the  pumps  individual^,  as  shown  in 

taininfr  plates,  and  rack  (view  A,  fig.  9-8),  take  figure,  9-9.  At  first,  lift  them  straight  up  only 
out  the  cap  screws  (view  B),  that  hold  the  fuel  enough  to  clear  the  dowel  pins.  Then  reach 
injection  pump  clamp^.  Make  sure  the  cap^^  through  the  inspection  opening  and  hold  the  pump 
the  Mel  outlet  on  top  of  the  pump  is  in  placP  plunger  to  keep  it  from  sliding  out  of  the  barrel, 
while  the  pump  is  disconnected  from  the  engine.  To  remove  the  pump  entirely,  it  wili  be  neces- 
Remove  the  clamps  that  hold  the  fuel  injectiori  sary  to  shift  the  pump  slightly  to  one  side  to 
pumps  to  the  housing.  Now,  the  pumps  can  be  free  the  plunger  ^rom  the  slot  in  the  lifter 
lifted  from  the  housing.  •  yoke. 
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When  installing  a  fuel  Injection  pump, 
again  be  careful  that  the  pump  plunger  does 
•  Tn6t3stide  OOt  x>f  the  fcarret.  Slide  \the  end  -of 
the  plunger  into  the  slot  on  the  lifter;  lower, 
the  pump  on  the  dowel  pins  and  fasten  in 
place. 

If  the  pump  plunger  should  fall  out,  wash  it 
&  thoroughly  with  clean  diesel  fuel  and  then  re- 
place it  in  the  pump  barrel.  As  a  check  against 
accidental  nicks  and  scratches  that  will  shorten 
the  life  of  the  pump,  rotate  the  plunger  gear  , 
segment  to  make  sure  that  the  plunger  turns 
freelv  and  does  not  bind. 


Although  the  installation  will  vary  with  the 
engine  models,  most  Caterpillar  tractors  have 
-their -governors  J/erticalljL  mounted^  andLdriyeju 
by  the  camshaft  gear  in  the  accessory  housing, 
in  the  front  end  of  the  injection  pump  housing. 
The  throttle  control  is  located  where  it  is 
convenient  for  the  operator.  Figure  9-10  Il- 
lustrates, the  working  parts  of  %  Caterpillar 
governor, 
•  *i 

In  OPERATION,  the  governor  shaft  is  driven 
off  the  engine  accessory  drive  gear.  As  the 


Q 


To  synchronize  pump  operation,  turn  the 
gears  on  the  pomp  plungers  until  the  marked 
tooth  of  each  gear  faces  outward  toward  the^, 
pump  rack.  Replace  the  pump  so  that  the  marked 
teeth  of  the  plunger  gears  engage  with  the 
marked  rack  teeth. 

After  sliding  the  rack  into  position,  pull  it 
out  again  to  see  that  the  marks  are  correctly 
aligned.  Then  fasten  the  racks  with  the  re- 
taining plates;  install- the  coupling  (fork)  be- 
tween the  rack  stnd  the  fuel  pump  slide  bar; 
replace  the  inspection  cover  and  connect  the 
fuel  lines. 

Before  starting  the  enginej^fcjeed  the  fuel 

> system  to  remove  .all  air  trapped  in  the  fuel 
lines. 


GOVERNOR  OPERATION  AND 
ADJUSTMENTS 


The  Caterpillar  governor,  like  most  gov- 
ernors used  on  diesels,  is  of  the  flyweight 
type  (mechanical)  and  acts  throughout  the  entire 
speed  range  of  the  engine*  Once  the.  desired 
spe^h  is  set  by  the  position  of  the  throttle, 
the  governor  acts  automatically  to  maintain 
prNrelatively  constant  operating  speed  if  the 
load  changes*  That  is,  all  mechanical  gov- 
pernors  shbw  a 'slight  engine  speed  drop*when 
a  heavy  load  is  first  applied,  and  the  engine 
will  bverspeed  momentarily  when  the  load  is 
reduced.  The  throttle,  connected  to  the  gov- 
ernor by  a  suitable  linkage,  is  merely  a  con- 
trolling device  which  adjusts  the  speed  at  which  it 
then- holds  the  engine. 


cnec*  valve 
i 
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Figure  9-7.— Capsule  .type,  fuel  injection  valve 
assembly. 


197 


'G 


ERIC 


f-tapter  9-SOME  COMMON  MODELS  OF  DIESEL  ENGINES 


O 


engine  speeds  up,,  the  flyweights  (governor 
weights)  hinged  to  the  .  governor  shMt  swing 
out.-by-centtifugaUoci:e,Xhis  action  Is  opposed 
by  "the,  govern^  springs.  The*  forces  of  the 
flyweights  and  governor  springs  act  upon  the 
slide  bar  to  regulate  the  speed  of  the  engine 
in  accordance  with  the  tension  placed  on  the 
springs  by  the  setting  of  the  throttle.  As  the  fly- 
weights change  their  position  with  varying  engine 
speeds,  this  movement  transmitted  through  the 
slide  bar  to  the  injection  pump  control  rack.  The 

"control  rack,  in  turn,  rotates  each  pump  plunger- 
simultaneously  to  regulate  the  fuel  delivered 
at  the  -spray  valves.  Thus,  as  the  operator 

"changes  the  position  of  the  throttle,  the  tension 
of  the  governor  spring  is  changed,  and  the 
governor  will  maintain  the  engine  speed  called 
for  by  that  particular  throttle  setting. 

The  governor  is  lubricated  by  oil  from  the 
engme  lubricating  system.  At  points  where 
positive  lubrication  is  necessary,  such  as  bear-  , 
ings  and  bushings,  oil  is  furnished  under  pres- 
sure through  drilled  passages  in  the  housing 
or  through  tubes.  Other  parts  of  the  governor 
are  lubricated  by  the  oil  splash  thrown  off  by 
the  rotating  parts. 

Major  adjustments  ^are  generally  necessary 
only  at  the  time  the  governor  -is  completely 
disassembled,  inspected,- and  repaired  in  the 
shop.  This  should  be  done  by  men  ^ho  thor-  , 
oughly  understand  the  governor  operation.  How- 
ever, it  will  sometimes  be  necessary  to  make 
idling  and  high- idle  speed  adjustments  in  the 
iield.  These  adjustments  -can  be  made  by  re- 
moving the  cover  .from  the  top  of  the  governor 
(fig.  9-1D  and  turning  the  adjusting  screws. 
The  holes  in  the  cover  are  serrated  to  act  as 
Retainers  to  prevent  the  screws  irom  turning  m 
alter  the  adjustment  is  matfe. 

To  make  a  low-idte  speed  adjustment  put 
the  engine  speed  control  lever  in'  the  low- 
idle  position.  Turn  the  low-idle  screw  clock- 
wise  to  decrease  the  spfced  or  counterclockwise 

-  to  increase  the  speed;  The  engine  rpm  can 
be  checked  with  a  tachometer  at  the^  drive 

v*  connection  ~on  the  hour  meter  as  shown  in 
figure  9-12, 

In  checking  engine  speed  at  the  hour  meter, 
remember  that  4  the  tachometer  drive  shaft 
turns  only  at  .  one-half  engine  speed.  If,  for 
example,  a  450  rpm  idling  speed  is  desired,. 


you    should    read     225     rpm  on  the  hand 
tachometer. 

-  In  ADJUSTING  -THE  HIGH- IDLE  SPEED- 
at  the  governor,  see  that  the  engine  speed 
control  lever  is  pulled  all  the  way  back  when 
you  check  the  engine  speed.  The  ^justment 
should  be  as  close  as  possible  to  jfle  manu- 
facturer's recommendations.  For  example,  if 
the  recommended  high-idle  speed  is  given 
as  1550  rpm,  and  you  r4ead  1280  rpm  (640 
_-rpm~x~2)-  at_lhe_ tachometer  drive  connection, 
the  engine  is  running  too  slowly  to  .develop 
its  rated  power  with  a  full  load.  In  this  case, 
turn  the  high-idle  speed  adjusting  screw 
counterclockwise  to  increase  the  speed. 

If  the  engine  runs  too  fast,  turn  the  same 
screw  clockwise>  to  reduce  the  speed.  Make 
only  small  corrections  at  a  time.  After  each 
adjustment,  close  and  open  the  throttle  and 
recheck  the  speed.  ~A  recommended  maximum 
speed,  of  1550  rpm  will  result  in  approxi- 
mately a  full-load  speed  of  1400  rpm  when 
the  normal  speed  drop  (described  later)  is 
considered.  A  full-load  speed  of  100  rpm 
less  than  recommended  maximum  without  ,a 
load  is  good  insurance  agains.t  possible  damage 
from  overspeeding  the  engine. 

If  it  is  necessary  to  adjust  full-load  speed 
more  accurately,  special  governor  setting  fix- 
tures are  needed.  With  them,  the  maximum 
full-load  speed  can  be  adjusted  without  actually 
loading  the  -  eneine.  If  these  governor  setting 
fixtures  'are  available,  make  sure  you  know 
ho^  to  use  them,  and  follow  the  manufacturer's 
manual  concerning  the  installation  and  use  of 
the  fixtures.   .  - 


LUBRICATION  SYSTEM  * 


The  Caterpillar  diesel  engine  is  provided 
with  a  full  force  feed  lubrication  system,  the 
principal  components <  of  which  are  the  filters, 
oil  cooler,  and  oil  pump  (fig.  9-13).  The  Cater- 
pillar uses  two  types  of  oil  pumps.  One  type 
consists  of-  two  auxiliary  pump  sections  con- 
aected  to  screened  section  cups  located  at  the 
front  and  rear  o{  the  oil  pan.  The  other  type 
consists  of  three. sets' of  gear/3.  The  forward 
set'  removes  'Oil  from  the  front  of  the  crank- 


case,  the  afterset  from  the  opposite  end.  Thetfe 
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two  sets  of  gears  discharge  the  oil  toward 
the  center  of  the  crankcase,  while  the  center 
set  of  gears  takes  suction  from  this  space 
and  creates  an  oil  pressure  on  the  whole 
lubricating  system.  A  regulating  valve  on  the 

.  center^gears^-raises^  or-lowers-the^ilr-pressure- 
and. 'is  accessible  through  the  crankcase  in- 
spection plates.  When  the  tractor  is  driven 
up  or  down  steep  hills,  these  pump  sections 


pr  gear  sets  return  accumulated  oil  from  the 
}ow  end  of  the  crankcase  to  the  center  pump. 

♦  The  oil  pump  forces  the  oil  from  the  crank- 
case/through  thepassages  in  the  oil  filter  base 
^ttrnne-ori  cooler,  wIucITxsTocated  either  in  the 
front  of  the  radiator  m  old  models,  or  in  the 
radiator  shell  in  more  recent  ones.  The  oil 
cooler  actually  is  a  radiator  m  which  oil  is  , 


Figure  9-9.-Removing  or  replacing  fuel  injection  pump  on-a 

6rcylinder  Caterpillar  diesel.  / 
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UPPER  BEARING  COVER 


Figure  9-10.-Cross  section  of  a  Caterpillar  governor 
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Figure  9-11. -Governor  adjustments. 


circulated  through  the  core  instead  of  water  as 
in  the  conventional  radiator  From^e^cooler 
the  oil  is  forced  back  into  the  falter.  Current 
model  caterpillar  engines  employ  a  heat  ex- 
changer type  oil  cooler  in  which  the  oil  is  cooled 
by  the  water  in  the  cooling  system  Fairly  re- 
cent model  Caterpillars  have  a  full  flow-type 
filter  with  a  replaceable  element;  the  older 
models  used  a  bypass-type  filter  with  a  metal 
element.  From  the  filter  the  oil  passes  into  the 
oil  manifold  and  is  distributed  to  the  engine 
parts'.  In  case  the  oil  filter  is  clogged, ^the  oil 
is  bypassed  through  a  waive  in  the  filter  housing 
directly  to  the  engine. 

COOLING  SYSTEM 

The  Caterpillar  cooling  system,  like  most 
water  cooled  systems,  consists  of  the  water 
pump,  water  manifolds,  temperature  regulators 
or  thermostats,  overflow  valve,  radiator  fan, 
and  connecting  pipes  and  hoses.  The  gear-driven 
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2.66 

5  Figure  5)- 12.— Checking  engine  speed  with  hand 
tachometer. 

centrifugal  water  pump,  which  is  located  onttie 
left  picie  of  the  engine,  circulates  water  through 
both  the  gasoline^tarting  engine  and  the  diesel 
engine.   The  pump  forcea^the  water  to  the 
cylinder  block,  where  it  is  directed  against  the 
precombustion  chamber's.  Fromr  the  cylinder 
block  the  water  passes  through  an  external 
return  manifold.  Two  temperature  regulators, 
or  thermostats,  are  mounted  in  the  forward  end 
of  the'  manifold  and  limit  the  flow  of  water  to 
the  xtediator  in  order  to  maintain  the  proper  v 
engin*  temperature.  When  the  engine  is  cold,  the 
thermostats  are  closed,  and  the  water  is  by- 
passed to  the  water  pvmp  by  a  bypass  tube. 
After  the  engine  warms  up,  the  thermostats  open, 
and  the  water  flows  through  the  radiator,  into 
the  pump  to  complete  the  cycle.  An  overflow 
valve  located  on  the  expansion  tank  of  the  radia- 
tor prevent?  overflow  of  the  water  when  the 
tractor  is  operated  on  staep  surfaces.  The  cool- 
ing system  has  a  fan,  which  is  driven  by  two 
V-belts  around  a  pulley  on  the  crankshaft.  The 
normal  operating  temperature  of  the  Caterpillar 
engine  is  170°  to  180°  F. 

*  Dirt  between  the  tubes  bf  the  radiator  and  oil 
cooler  may  cause  the  engine  to  run  hot.  They 
should  be  cleaned  when  a  PM  inspection  is  done 
on  the  machine.  You  *may  wash,  brush  orjblow 


the  dirt  out  with  whichever  method  is  available 
and  most  effective.  Wash  or  blow  opposite  to 
the  direction  of  ait  flow. 

The  cooling  system  should  be  drained  oc- 
,  casionally  to  remove  dirt  and  sediment  which 
accumulates.  The  draining  should  be  done  at 
the  end  of  the  day's  operation,  when  the  foreign 
material  is  in  suspension  and  will  easily  drain 
with  the  liquid. 

If  the  fan  belts  are  operated  too  loose,  they 
will  slap  against  the  pulleys,  causing  unneces- 
sary wear  to  the  l^elts  and  possible  slipping  to 
the  extent  that  the  engine  will  overheat.  If  the 
belts  are  too  tight,  unnecessary  stresses  are 
placed  upon  the  fan  bearings  and  belts,  which 
will  shorten  the  life  of  both.  Correct  adjustment 
exists  when  tHe  belts  can  be  pushed  inward 
approximately  1  1/2  inches  at  a  point  midway 
between  two  pulleys.  Whgjj^flfclts  need  replacing 
they  should  be  replaced  sra  a  matched  set —never 
only  one. 


HOUR  METER 

The  Caterpillar  tractor  is  equipped  with  an 
HOUR  METER  (fig.  9-14).  The  name  of  this 
device  is  misleading,  because  it  does  not  record 
clock  hours.  The  hour  meter  "counts"  the  revo- 
lutions of  the  crankshaft,  registering  an  HOUR 
wheji  the  crankshaft  has  completed  a  certain 
number  of  revolutions.  That  is,,  when  the  crank- 
shaft Kas  turned  as  many  times  as  in  an  hour's 
^normal  operating  speed,  the  indicator  on  the 
meter  advances  one  number. 

Tbe  hour  meter  is  usually  located  on  the 
right  side  of  the,  engine,  near  the  bottom  of  the 
governor  housing.  It  is  usually  mechanically 
driven  from  the  fuel  injection  pump.  It  tells 
when  to  service  your  equipment  according  to 
the  manufacturer's  manual. 

It  may  well  be  said  that  the  hour  meter  is  * 
the  MAINTENANCE  WATCHMAN,  not  only  of 
the  Caterpillar,  but  of  all  diesel  engines  power- 
ing heavy  duty  equipment. 

^INTERNATIONALvDIESEL  ENGINES 

Most  International  {%sel  engines  found  in 
the  Navy  today  are  of  tn^attect  diesel  starting 
type.  You  may  find  some  earlier  models  that  * 
start  like  conventional  gasoline  engines;  after 
a  short  warmup  period  on  gasoline,  they  are 
converted  to  full  diesel  operation  by  simply 
shifting  the  compression  release  lever  from  the 
starting  to  the  running  position.  For  proper 
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CHAPTER  15 


PREVENTIVE  MAINTENANCE 


Maintenance  is  the  care  exercised  and  the 
work  performed  to  retain  vehicles  and  equipment 
in  safe  and  serviceable  operating  CQndition  dur- 
ing their  normal  service  life.  The  purpose  of 
"the  Navy's  Preventive  Maintenance  program  is 
to  effect  economy  and  dependability  in  the  use 
of  equipment  and  to  insure  continuity  of  opera- 
tion. It  Is  not  intended  that  vehicles  be  main- 
tained in  a  like- new  condition  during  this  period. 

The  maintenance  required  on  private  auto- 
mobiles is  similar  to  that  required  on  Navy 
equipment.  (1)  The  car  owner  performs abefore 
operation  inspection.  He  visually  checks  the, 
safety  of  the  vehicle  to  assure  himself  that 
he  has  sufficient  fuel,  oil,  and  coolant  before 
starting.  If  the  car  uses  oil  or  gasoline  in 
excessive  amounts,  he  is  usually  aware  of 
the  fact  and  has  to  decide  on  the  maximum 
amount  he  will  spend  on  repairs.  (2)  The  owner 
has  the  car  lubricated  periodically.  This  lubri- 
cation job  includes  inspection  of  items  not 
checked  daily  by  the  owner  and  the  lubrication 
man  informs  the  owner  of  any  defects  he  finds 
so  that  ihey  inay  be  corrected.  When  all  the 
minor  defects  are  corrected,  as  they  occur, 
very  few  maintenance  problems  develop. 

These  two  inspections,  the  daily  check  by 
•the  o*rner  and  the  lubrication  service  at  the 
prescribed  .intervals,  are  the  two  most  im- 
#  portant  and  basic  phases  of  abound  Preventive 
Maintenance  Program.  Further,  most  conscien- 
tious owners  have  a  tune-up  performed  on  his 
m    car  at  various  times  to  keep  it  in  top  operating 
condition  for  maximum  efficiency.  Most  owners, 
do  not  keep  a  complete  record  of  the  main- 
tenance performed,  while  the  Navy,  because 
of  the  number  cff  vehicles  it  maintains  must 
'    have  a  standard  maintenance  program  to  insure 
maximum  efficiency  from  Navy  equipment. 

The  operator  is  required  to  perform  a 
before  operation  inspection  and  record  his 
findings  jon  the  proper  form.  After  a  specified 


number  of  operating  hours  -or  tengtfr  trf' time,- 
an  intermediate  inspection  is  required.  An  in- 
termediate inspection  includes  a  complete  lubri- 
cation of  the  equipment  and  is  completed  by 
personnel  assigned  to  the  maintenance  section. 
A  more  thorough  major  inspection  is  required 
periodically  to  insure  long  equipment  life. 

Before  operation,  intermediate  and  major 
inspections  are  required  and  performed  on 
equipment  when  it  h^s  been  assigned  to  one 
using  organization.  If  the  equipment  is  old, 
involved  in  an  accident,  or  transferred  to 
another  organization/ a  complete  technical  in- 
spection is  required. 

A  complete  technical  inspection  will  indicate 
all  repairs  and  the  cost  to  complete  the  repairs. 
The  maximum  amount  of  money  that  can  be 
economically  expended  is  governed  by  regula- 
tion. The  equipment  will  be  salvaged  and  re- 
placed if  the  cost.tof  repair  is  considered  ex- 
cessive., ,  1 

As  a  Construction  Mechanic,  you  will  be 
interested  in  the  types  of  inspection  and  pre- 
ventive maintenance  scheduling.  As  a  repair-  ' 
man,  you  Will  use  certain  forms  authorized  by 
existing  regulations  in  performing  inspections 
and  maintaining  co^t  records.  Therefore,  it- 
is  necessary  for  you  to  become  familiar  with 
certain  basic  jobs  and  their  related. duties. 

The  primary  function  of  the  PM'olerk  is 
the  scheduling  of  vehicles  and  equipment  for 
PM  sel-vice  checks.  The  production  dispatcher 
schedules  and  ex£§aites  the  flow  of  equipment 
from  the  time  of  its  "arrival  in  the  shop  through 
the  work  centers  until  the  required  maintenance 
or  repairs  have  been  completed.  The  inspector 
must  be  a  top-notch  mechanic  capable  of  ac- 
curately determining  the  nature  and  extent  of 
repairs  required  on  equipment,  and  be  able  to 
determine  whether  deficiencies  reported  require 
immediate  attention  or  can  be  delayed  until 
ne*  scheduled  PM  service.  The  cost  accounting 
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clerk  is  responsible  for  keeping  a  record  of 
me  labor  and  parts  charged  to  each  .piece  of 
equipment,  so  that  a  proper  cost  allocation 
can  be  made.  The  forms  used  are  generally 
the  same  for  both  the  construction 'and  .public 
works  maintenance  facility. 


 OPERATOR'S  PREVENTIVE  MAINTENANCE 

The  operator's  PM  check  is  the  first  line 
of  defense  against  vehicle'  wear,  failure  or 
damage.  He  should  inspect  his  vehicle  or  equip- 
ment systematically  before  and  after  operation 
so  that  defects  may  be  discovered  before  they 
result  In  serious  damage  or  failure.  The  first 
things  that  the  operator  should  check  are  the 
oil,  water,  battery,  and. tires.  The  operator 
should  also  make  sure  that  the  brakes  are  in 
proper  working  order.  If  the  vehicle  or  equip- 
ment  is  equipped  with  air  brakes  he  should 
make  sure  that  the  air  bleeder  valves  are  turned 
off  and  thif  the  air  system  will  attain  normal 
operating  pressures. 

VEHICLE  OPERATOR'S 
INSPECTION  GUIDE  AND 
TROUBLE  REPORT  (DD  1358)  * 

Defects  discovered  during  operator's  in- 
spections or  during  operation  of  the^  vehicle 
are  recorded  on  the  Operator's  Inspection  Guide 
and  Trouble  Report-DD  Form  1358  (fig.  I5_i) 
and  reported  as  soon  as  operation  has  ceased 
The.operator  should  stop  operation  immediately 
if  a  deficiency  is  observed  that  could  damage 
-the  vehicle  or  render  it  unsafe -to  operate.. 

The  Operator's  Inspection  Guide  and  Trouble 
Report  indicates  the  items  that  the.operator 
should  inspect  before  and  after  operation  of  • 
the  vehicle.  This  form  also  serves  to  transmit 
information  to  the  maintenance  ship  regarding- 
deficiencies  detected,  during  inspections  or  op- 
eration of  the  vehicle.  When  the  operator  is 
assigned  to  a  vehicle,  the  operations  dispatcher 
Lor,  at  smaller  facilities,  the  EO  chief)  issues 
the  form  to  the  operator.  The  operator  should 
indicate  by  a  checkmark  any  item  that  does  not 
function  properly.  The  "Remarks"  space  may 
be  used  for  items  not  listed,  or  for  additional 
information  concerning  'deficiencies  indicated 
by  a  checkmark;  he  should  also  place  the  vehicle 
number  in  the  remarks  space.  The  operator 
turns  in  the  form  to  the  operations  dispatcher. 

The  operations  dispatcher  forwards'  the 
forms  that  indicate  deficiences  to  the  mainte- 


29.50 

Fjgure  15-}. -Operator's  Inspection  Guide 

•    ancHrrouble  Report-DD1358. 

<z>  ■ 

nance  dispatcher.  The  maintenance  dispatcher 
refers  the  DD  1358  to  the  inspector.  The  in- 
spector, determines  if  the  deficiencies  noted  on 
the  forms  require  immediate  attention  or  if 
the  corrective  action  may  be  safely  deferred 
until  the  next  scheduled  PM  inspection.  If  the 
corrective  action  is  deferred,  tie  DD  1358  is 
attached  to  the  Preventive  Maintenance  Record 
Card  (discussed  later  in  this  chapter). 

EQUIPMENT  OPERATOR'S   '  '  r 

DAILY  PM  REPORT  (NAVDOCKS  2664) 

The  form  used  by  operators  of  Construction  v 
and  allied  equipment  as  a  guide  when  perform- 
ing daily  PM  services  is  the'Operator's  Daily  ' 
PM  Report,  Construction  and  Allied  Equipment, 
NavDocks    2664    (fig.. .  15-2).  The  equipment 
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Figure  15-2.-Operator9  DAILYJ£M  Report,  Construction  and  Allied  Equipment,  NavDocks  2664. 


operator  receives  the  form  from  the,  operations 
dispatcher  when  the  equipment  is  assigned.  The 
operator  goes  through  the  same  procedure  as, 
that  with  form  DD  1358  of  checking  and  noting 
malfunctions  on  the  form.  The  operator  shall 
return  the  form  to  the  operations  dispatcher 
at  the  end  of^  the  working  day  if  there  are  any 
entries  on  the  form.'  The  form  is  then  for- 
warded to  the  maintenance  dispatcher  for  further 
processing.  The  maintenance  dispatcher  re- 
views the  entries  on  the  form  and,  in  consulta- 
tion,with  the  inspector,  determines  the  action 
whidh  wilf  be  taken.  R'epairs  are  scheduled  if 
theje  are  ^tems  requiring  immediate  attention. 


MAINTENANCE  RECORDS  AND  REPORTS 


Each  Vehicle  and  other  piece  of  equipment 
has  a  history  jacket  that  contains  records  and 


reports  which  supply  information  on  its  con- 
dition. They  are  used  to  reviW  the  history 
of  its  maintenance,  determine  its  efficiency, 
and  estimate  the  cost  of  its  future  operation. 

To  obtain  accurate  .information  and  reports, 
the  Naval  Facilities  Engineering  Command 
(NAVFAC)  has  revised  some  forms  and  devel- 
oped the  STINGER  system  to  determin^oetter 
utilization  of  equipment.  ' 

The  STINGER  analysis  office  atCBC,  ?or^ 
Hueneme,  California,  is  charged  with  providtfig 
rapid  analysis  to  enable  SEABEE  and  Navy  de- 
cision makers  to  accurately  and  swiftly  deploy 
sufficient,  manpower  with  adequate  equipment 
and  supplies  to  respond 4  to  any  contingency.  It 
is  directly  responsible  totheCommander\Naval 
Facilities  Engineering  Command.  STINGER 
stands  for  Seabee  Tactically  Installed, 
Generated,  Engineer  Resources.- 
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These  files  aVe  maintained  by  a  qualified  office 
force.  You  may  be  given  such  office  duty  so 
S  you  should  learn  to  handle  these  forms/ The 
forms  which  will  be  of  concern  to  you  as  a  CM3 
or  2  are  the  Equipment  Work  Order  (EWO), 
NavFac  Form  6-11200/41,  the  Shop  Repair  Order 
(SRO),  NavFac  Form  9-11200/3A,  and  Continua- 
tion Sheet,  NavFac  Form  9-11200/3B,  the  Pre- 
-  ventive  Maintenance  Record  Card,  NavDocks 
1949,  the  Preventive  Maintenance  Service  and 
Inspection  Record,  NavDocks  11200/5,  the  Daily, 
Fuel  Issue  Report,  NavFac  Form  6-H200/42, 
the  Monthly  Fuel  Usage  Data,  NavFac  Form 
6-11200/43,  and  the  Monthly  Fuel  Report,  Nav- 
Fac Form  6-11200/44.  They. must  be  used  and 
filled  out  'in  accordance  with  the  quidelines  set 
forth  in  the  most  currenf  NAVFAC,  COMC- 
BLANT,  and  COMCBPAC  11200  series  instru- 
ctions. These  forms  are  discussed  in  th^follow- 
ing  sections. 

%  EQUIPMENT  WORK  ORDER  (EWO). 
SHOP  REPAIR  ORDER  (SRO),  AND 
»f     CONTINUATION  SHEET 

The  Equipment  Work  Order  (EWO)  (fig.  15-3), 
Shop  Repair  OrdsJr(SRO)  (fig.  15-4),  and  Con- 
tinuation Sheet  (fig.  15- 5)  are  the  sole  authority 
to  perform  work"  in  the  equipment  Repair  shops 
in  the  following  categories: 

1 .  Each  time  labor  ormat  erials  are  expended 
on  scheduled  maintenance,  interim  repairs, 
modernization,  and  alteration  of  equipment. 

2.  Exception— Repairs  that  do  not  exceed 
three  tenths  (.3)  hour  or  require  parts. 

3.  In  dll  cases,  equipment  to  be  worked  on  N 
must  be  accompanied  by  DD  Form  1358  (fig. 
L5.1),  or  NavDocks  2664  (fig.  15-2),  as  appro- 
priate.  v 

4.  Equipment  having  fii  primary  and  secon- 
dary unit,  as  in  the  case  of  asphalt  distributors, 
twin*  engine  scrapers,  etc.,  dictates  that  both 
miles  and  hours  be  recorded.  For  example, 
the  forward  engine  and  pan  of  a  twin  engined 
scraper  is  considered  the  primary  unit  while 

»    the  rear  engine  and  its  power  train  is  consider ed* 
the  secondary  unit.  Further,  on  all  others,  that 
portion  of  the  machine,  which  was  intended  to 
perform  the  end  use  (such  as  the  mixer  portion 

U  of  a  transit  mixer)  must  be  considered  the 
primary  unit,  while  the  carrier  unit  must  be 
considered  the  sec9ndafy"Dnit. 

The-"Equipm/nt  WorkOrder"  (EWO),  Navfac 
Form"  6-11200/41,  illustrated  in  figure  15-3, 


has  been  designed  specifically  for  use  by  the 
Naval  Constijuction  Forces;  Special  Operational 
Units,  and  Naval  Construction  Schools.  However, 
lack  of  adequate  facilities  in  many  instances* 
contributes  to  the  necessity  of  having  mainte- 
nance performed  in  Public  Works  facilities  or 
in  the  Construction  Equipment  Department  (C  ED) 
repair  shop'  of  the  Construction  Battalion 
'Centers.  To  avoid  having^to  transcribe  infor- 
mation from  the  "Shop  Repair  Order,"  NavFac 
Form  9T11200/3A  and  its  continuation  sheet, 
NavFac  Form  9-11200/3B  (figsr«-4  and  15-5), 
after  equipment'  repairs  are  qpmpleted  at  Public 
Work*  facilities  or  CED  repair  shop§,  more 
information  has  been  added  to  the  EWO.  All 
facilities  can  now  use  the  EWO  for  repair  of 
equipment  ^belonging  to  the  Naval  Construction 
Forces,  Naval  Construction  Schools,  and  Special 
1  Operational  Units. 

NOTE:  Some  NavFac  forms  are  identified 
by  the  term  "NavDDcks"  followed  by  the  form 
number.  This  is  due  to  a  change  in  name*  of 
the  activity  which  is  not  yet  reflected  on  all 
the  formS.  ^§0  remember  that  the  two^  identi- 
fying terms  refer  to  the  same  numbered  form. 
On  some  NavSup  forms  you  will  also  see  the 
term  NavSandA  used,  and  the  same  situation 
applies  here. 

*  -FUEL  REPORTS 

A  "Daily  fuel  Issue  Report,"  NavFac  Form 
6-11200/42  (fig.  15-6),  is  recommended  to  all 
cognizant  activities  as  a  concise,  uniform  method 
'  of  providing  fuel  "and  oil  usage  data  by  UStf 
number.  Upon  receipt  of  the  completed  "Daily 
Fuel  Issue,  Report,"  the  transportation  dis- 
patcher should  transfer  the  information  on  it 
to  the  "Monthly  Fuel  Usage  Data,"  repdrt, 
NavFac  Form  6-11200/43,  which,  in  turn  is  used 
to  accumulate  the  data  required  for  preparation 
of  the  "Monthly  Fuel  Report,"  NavFac  Form 
6-11200/44  (figs.  15-7  and  15-8).  The"Monthly 
Fuel  Usage  Data"  report  also  provides  fuel 
issue  totals  to  the  Supply  Officer  on  a  daily 
basis.  .  \ 

The  above  forms  each  provide  information 
that  is  used  in  the  STINGER  system. 

PREVENTIVE  MAINTENANCE 
•RECORD  CARD 

A  PM  Record  Card  NayDocks  1949  (fig.  15-9) 
'is  maintained  for  each  vehicle  and  piece  of 
equipment  for  controlling  PM  services  and 
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recording  cumulative  miles  or  operating  hours 
since  the  last  PM.  Each  time  a  vehicle  dp  piece 
of  equipment  is  serviced,  the  PM  Record  Card 
should  be  reviewed  to  determine  if  the  estimated 
annual  utilization  is  reasonably  accurate.  If  the 
odometer  readings  indicate  that  the  vehicle  is 
not  accumulating  mileage  at  the  rate  necessary 
to  coincide  with  the  original  estimate  made  for 
PM  service  scheduling  purpose^,  the  figure  for 
estimated  annual  mileage  should  be  revised  and 
the  vehicle  reassigned  to  a  PM  seryice  group 
that  corresponds  to  the  revised  annual, mileage 
estimate.  If  a  piece  of  equipment  is  not  being 
utilized  at  the  estimated  rate,  in  terms  of  operat- 
ing hours,  it  should  be  placed  in  a  group  which 
coincides  with  the  newly  determined  PM  period. 


PREVENTIVE  MAINTENANCE 
SERVICE  INSPECTION 
RECORD 


The  Preventive  Maintenance  Service  Inspec- 
tion Record  (fig.  15-10)',  NavDocks  11200/5, 
is  an  adhesive  type  sticker  which  is  placed  on 
the  windshield,  dash  or  other  conspicuous  sec- 
tion of  the  equipment  or  Vehicle  after  toe  PM 
service  is  performed.  The  basic  purpose  of  the 
form  is  to  remind  the*operator  of  the  date  the 
equipment  is  scheduled  for  the  next  PM  service. 
The  fprm  also  provides  information  concerning 
thelites  of  the  last  oil  and  filter  change  and^ 
lubrication. 
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SCHEDULED  PREVENTIVE  MAINTENANCE 
(AUTOMOTIVE) 

According  to  an  interim  change  to  Manage- 
ment of  Transportation  Equipment.  NAVDOCKS 
P-300,  the  automotive  preventive  maintenance 
program  has  been  modified.  .The  policy  on  the 
program,  current  as  of  January  1970,  i%re- 
flected  in  the  following  sections* 

SCHEDULED  INSPECTION  AND  SERVICES 

.  Vehicles  are  inspected  periodically  by  quali- 
fied automotive  inspection  personnel  for  safety 
and  serviceability. 

Safety 

Each  motor  vehicle  must  be  inspected  for 
safety  at  intervals  not  to  exceed  six  months  or 


6,000  miles,  whichever  occurs  first.  To  avoid 
unnecessary  downtime,  the  safety  inspection 
must  be  performed  at  the  time  of  the  scheduled 
serviceability  inspection  in  accordance  with  the 
manufacturer's  recommendations.  The  safety 
inspection  must  include  all  the  items  set  forth 
irr  the  Motor  Vehicle  Safety  Inspectidn  Check- 
list and  correction  of  any  deficiencies  uncovered 
by  the  inspection  before  returning  the  vehicle 
to  an  operational  status.  * 

Serviceability  > 

In  addition  to  the  safety  inspection,  vehicles 
must  be  inspected  and  serviced  in  accordance 
with  the  manufacturer's  prescribed  services 
and  service  intervals,  i.e.,  miles  or  time  as 
set  forth  in  their  shop  manual  and  lubrication 
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Figure  15-5. -Shop  Repair  Order  (Continuation  Sheet),  NavFac  Form  9-11200/3B. 
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Figure  15-7,-Monthly  Fuel  Usage  Data,  NavFac  Form  6-11200/43. 
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chart  furnished  with  tl^e  vehicle.  Corrective 
adjustments  and  repair  actions  taken  as  the  re- 
sult of  serviceability  inspections  must  generally 
be  limited  to  only  those  items  prescribed  by 
the  manufacturer  and  only  to  the  extent  neces- 
sary to  restore  the  vehicle  to  an  optimum  degree 
of  serviceability  consistent  with  achieving  fee 
highest  degree  of  cost  effectiveness.  Where  the 
manufacturer  specifies  optional  adjustments 
"as  required"  such,  adjustments  are  not  made 
unless  a  specific  malfunction  has  been  detected 
by  the  inspector  or  reported  by  the  operator. 
*  • 

Unscheduled  Maintenance  Service 

Unscheduled  maintenance,  service  is  the 
correction  of  deficiencies  reported  by  the  vehicle 
operator  that  oofeur  between  scheduled  safety 
or  other  inspections  ^nd  services  as  prescribed 
by  the  manufacturer.  Unscheduled  maintenance 
services  will  generally  *be  limited  to  the  cor- 
rection of  only  those  specific  items  reported  as 
being  deficient  by  the  operator  and  confirmed 


by  qualified  inspection  personnel.  Other  unre- 
ported deficiencies  observed  at  the  time  of  an 
unscheduled  service  and  in  particular  those  af- 
fecting safety  must  be  corrected  prior  to  re- 
leasing the  vehicle  for  service. 

MOTOR  VEHICLE  SAFETY  ^  y 

INSPECTION  CHECKLIST 

Services  to  be  performed  each  six  months  or 
6,000  miles,  whichever  occurs  first  and/or  si- 
multaneously with  manufacturer's  recommended 
service  interval  and  services,  are  given  in  the 
following  checklist: 


Brakes 


•Test  to  determine  if 
brakes  are  functioning 
properly. 

•Check  brake  pedal  free 
travel  as  required. 

•Remove  right*  front  brak;e 
drum,  inspect  for  wea? 
or  cracking,  inspect 
lining     for  excessive 
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Inspection  Record,  NavDocks  11200/5  (2-66). 
•> 

wear,  check  wheel  cyl- 
inders for  leaks  and  de- 
terioration (to  be  per- 
formed annually  and/6r 
as  required  to  comply  - 
with  state  and  local  in- 
spection regulations). 
•Check  fluid  level  ancj  all 
hydraulic  brake  lines  for 
leaks. 

•On  air  brake  systems  in* 
spect  air  brake  accesso- 
*  ries  and  all  air  lines  and 

<  •  air  tanks  for  leaks  and 

deterioration;  check  air 
\  brake  instrument  con- 

trols arid  air  valves. 


Lights 


Instruments, 
Controls, 
and  Warning 
Devices 


Exhaust 
System 


Steering  . 
^System 


•Check  all  lights,  signals 

and  reflectors. 
•Check  condition  of  trailer 

jumper  cable. 
•Check     headlights  for 

proper  alignment. 

•Check  all  instruments, 
.  gages,  mirrors,  switch- 
es, controls,  horns  and 
warning  devices  for 
proper  functioning  and 
damage. 

•Check  muffler,  exhaust 
and  tailpipes  and  all  con- 
nections for  leaks, 

•Check  all  steering  devices 
and  linkage  for  wear  and 
damage* 


Seat  Belts 


Fifth  Wheel 
and  Trailer 


Tires 


•Check  all  safety  belts  for 
^✓wefar  and  proper  mount- 
ing.      '   ^  . 

•Check  fifth  wheel  mount- 
ing bolts  or  clamps  oper- 
ation and  safety  lock. 
Check  trafler  king  pin  foj* 
wear  or  damage. 

•Check"  all    tires  for 

damage  and  excess  wear. 
•Remove  and  replace  all 
■  tires  showing  1/ 16  of  an 

inch  or  less  of  tread. 

Check  wheel  lug  nuts  f()^ 

tightness. 


Windshield  •Check  wipers,  glass  and 

Wipers,   Glass     defroster     for  proper 
and  Defrosters     operation,  wear,  damage 
and  deterioration. 

The  scheduled  inspection  and  service  program 
described,  pertains  to  jail*  activities,  according 
to  NAVDOCKS  P-300.  Construction  Battalions 
must  conform  to  the  most  current  COMCBLANT 
and  COMCBPAC  11200  series  instructions  per- 
taining to  automotive  preventive  maintenance. 

The  manufacturers  manual  may  specify  that 
a  certain  part  may  need  lubrication  at  intervals 
other  than  the  specified  PM  interval.  The  vehicle 
maybe  brought' into^the  shop  to  have  the  hidiv- 
idual  part  serviced.  The  local  maintenance  facil- 
ity will  have  a  policy  concerning  the  arrangement ' 
for'servicing  individual  parts  on  the  vehicle  or 
equipment.  Construction  equipment  will  not  be 
brought  into  the  shop  for  this  service.  The  field 
truck  discussed  in  chapter  14  goes  to  theequip- 
'ftient.  However,  the  operator  of  the  construction 
equipment  often  has  to  oil  and  grease  certain  fit- 
tings, which  require  frequent  oiling  and  greasing, 
while  the  equipment  is  inthefield.NoPM  should 
be  performed  at  this' time;  only  the  part  which 
requires  servicing  should  be  serviced. 

CONSTRUCTION  AND  ALLIED 
EQUIPMENT  PM  SERVICE  SCHEDULE 

%  Preventive  maintenance  scheduling  princi- 
ples fox  construction  and  allied  equipment  are 
generally  the  same  as  for  automotive  vehicles* 
Maintenance  is  scheduled  on  the  basis  of  actual 
hours  of  operation  correlated  with  time  inter- 
vals rather  than  on  a  fixed-time  or  mileage 
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interval  alone.  However,  irrespective  of  usag*, 
all  equipment  is  given  a  mechanical  inspection 
annually. 

The  "A"  type  of  inspection  for  construction 
and  allied  equipment  is  governed  by  the. manu- 
facturer's recommended  practices,  and  is  usu-% 
ally  limited  to  lubr^eatirjg,  correcting  obvious 
malfunctions,  and  ntaking  minor  adjustments, 
The  type  "B"  inspection  for  construction  and 
allied  equipment  is  scheduled  for  every  250 
operating  hours.*  The  type  "C"  inspection  is 
'to  be  performed  at  intervals  of  600  hours  of 
Operation  or  yearly-whichever  comes  first. 
NavDocks  2009  and  2161  gfigs.  15-11  aftd  15-12) 
tabulate  the  services  you  are  to  perform.^ 

*    v  -         LUBRICATION >' 

As  you  may  recall*  from  chapter  5,  lubrica- 
tion cleans  and  cools  moving  parts  of  the  vehicle, 
reduces  friction  between  them,  and  acts  as  a 
sealing  agent.  This-Vection  discusses  the  pro- 
cedures of  lubrication. 

Periodic  lubrication  prolongs  the  usefulness 
of  a  vehicle.  Proper  lubrication  is  more  than 
merely  placing^  a  grease  gun  on  a  fitting  and 
pulling  the  trigger.  It  means  selecting  the  cor- 
rect lubricants  and  applying  them  in  a  sufficient 
a*mount,  in  the  proper  places*  to  penetrate  vehi- 
cle'part?  thoroughly.  The  experienced  mechanic 
uses  neither  too  much  nor  too  little  lubricants. 

Lubrication,  then,  is  a  thorough  job  of  oiling 
and  greasing.  Your  Shop  will  likely  carry  sev- 
eral Navy  approved  standard  lubricants.  Learn 
their  specifications  and  names.  This  standard- 
ization of  lubricants  eliminates  the  variation  and 
confusion  in  manufacturer's  brand  names  and 
qualify  designations,  and,  makes  readily*avail- 
able  a  few  standard  lubricants.  1 

Familiarize  yourself  with  .the  PM  Mainte- 
nance Service  and  Inspection  Guides  (figs.  15-11, 
and  15-12)  and  the  lubrication  chart  of  the  ve- 
hicle with  which  you  are  working.  The  manufact- 
urer of  each  vehicle  has  prepared  a  lubrication 
c'hart  similar  to  the  one  shown  in  figure  15-13. 
These  charts  show  what  to,  lubricate,  and  where. 
s      Of  course,  ypu  must  learn  to  use  grease  guns 

froperly,  as  well  as  other  dispensers  of  oils  and 
rease. 

Remember  that  grease  on  the  outside  of  a 
fitting  does  not  lubricate,  and  oil  or  grease  in 
puddles  or  gobs  around  the  grease  rack  can 
cause  serious  injury.  So  look  for  and  remove 
'spilled  oil  or  grease  tlj^t  drops  from  chassis 
parts.  Better  yet,  while  lubricating -a  piece  of 


equipment,  remove  all  excessive  grease  from 
the  fittings  a*id  wipe  up  lubricants  that  fall  to 
the  floor.  ^ 

DISPENSING  LUBRICANTS 

Grease  guns  and  dispensers  operate  either 
by  hand'  or  are  air  operated.  You  have  probably 
used  the  hand-operated  MUZZLE- LOADER  type. 
The  muzzle-loader  can  be  taken  apart  to  load 
It  with  grease.  This  type  of  grease  gun,  for  the 
most  part,  is  used  only  in  places  hard  to  reach 
with  a  pressure  gun,  or  in  lubricating  water 
pumps  and  other  accessories  requiring  a  special 
lubricant.  Lubricants  used  for  mdst  chassis 
parts, -however,  are  forced  through  the  fittings 
by  guns  operated  by  atr  pressure. 

Crankcase  oil  is  generally  dispensed  with 
measured  containers  ot  with  a  hand  or  air  oper- 
ated pumping  sysiejn.Hand  or  air  operated  sys- 
tems normally  have  meters  that  register  the 
amount  of  oil  dispensed.  Gear  box  lubricants  are 
generally  dispensed  by  some  type  of  hand  or  air 
operated  pumping  system.  Be  sure  you  use  the 
right  lubricant  dispensers.  T6  prevent  mistakes, 
each  dispenser  is  marked  to  show  the  grade  and 
type  of  lubricant  it  contains. 

Before  using  the  lubrication  gun,jall  fittings- 
which  are  to  be  lubricated  MUST  be  properly 
cleaned  to  avoid  forcing  dirt  into  Ite  bearing. 

.  The  proper  technique  for  using  the  lubrica- 
tion gun  is  essential.  Improper  use  of  the  gun 
can  damage  the  hydraulic  coupler  jaws  and  can 
also  damage  the  fitting.  Damaged  coupler  jaws 
will  prevent  the  proper  seal  with  fittings.  To 
prevent  damage,  press  the  coupler  straight  onto 
the  CLEAN  fitting  and  squeeze  the  trigger  slowly 
and  smoothly. 

When  using  high  pressure  guns,  take- care 
so  that  grease  seals  will  not  be  damaged.  To 
remove  the  gun,  move  it  up  or  down  or  sideways 
in  an  arc.  Do  not  pull  the  gun  straight  bjtfck  from 
the  fitting  'because  this  will  damage/tfie  Coupler 
jaws.         1  Af 

CAUTION:  Care^jiust  be  r  exercised  when 
using  a  high  pressure  lube  gun  on  certain  lube 
points.  Excessive  pressure  can  damage  or  "blow 
off"  the  grease  seals  and  or  dust  caps. 

After  a  vehicle  is  lubricated,  cleatfand  fill 
the  grease  guns.  Then  check  them  to  see  if  they 
are  working  properly.  Next  see  that,  they  and 
other  lubricating  equipment  are  stowed  in  their 
proper  places.  Take  an  inventory  of  your  tools 
to  -be  sure  they  are  not  carried  away  on  the  ve- 
hicle frame  or  running  board* 
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CttUTtUCTIOl  AM  1UIC&  CQUIPXIT.  MtVO  C*W«J 


'«  lotfenoiis  'or  aciiv*  tl*ifnt*t  oro  oor*olirie*o<iilo«  to  to  o#r/or»o<  ##M  40  tor 
fit  t/tYVt  Vh  to  m  f#f*o*v<  o«  Mo  seMKU  <«u  H  <«iffi«i<  <i  /oiiow*: 

MM  P*      M  cotttrs  mo  iU9*  l*4iM9*  '«  M#  .lorvfct  eoU« 

to/on.  y  * 


cwill  :m  iiA  i«uiiiWi  ■>»•  14  mo  J#r4ulco  eo<«M 

fit<0*.  • 

Mil 


•C  lyf*  PH  -  tu4ry  $000  AOtro  oftrtilo*.  J  "All  **%cowfri 

ttt    ((003   Mitt*  t#IOV.  f 


Norteatioo  Mto'vaO  1*0/ /  tt  M  Oceor<«*et  vIlMMk/MlWi  r#co»o«Atfot loo*.^ 

i  tin  o«c*inio« 


tit*  SCMlCE 
IK). 


It 

u 
U 

— IV- 


ITCM  0E$CtlrT1M 


MAJTtl  **t  SICttMIV  CufKitS  •  C»»«        •  »♦«•«  ■**» 

MjiiImM.    JM  IrM  ct|ct  »•»  «••'. 

TIM*ISUM  lit  fUtftt  UUMLlfS  •  *****  M»«IH|  Ml  MmMIj. 

Mlli,  irtttUU.  •Micil  *  HM|i|  MHtti 

■  ■■I  ■. 

(lltUS'l  Ht  SLf  JtUT$  •   iftuKtli*  tf  •  tilt.  '•••«•  t 

)•»•!•  »'  iM4iM'y-  ^ 

IIHtltlVlU  •  CMc»  lilt  'Mt  Omi  •••Mtl 

*t(lll. 

PXVL  ll>?CS  *  C*«*  ■*•»•.  MOMtj  I*  Mltl  Ml  CNN'Mi 

IMlCltlMI         llM*"|  |IHIII  Ml  Mill. 

IILIS  «•  CMct  '*Mt*  ■•»•■  ■»■■•»• 

'•»•'•!•  •*<  iMMiM> 
Kl«t  €■*>■»  •  U»Ck        *Mr  «*•  ir*M  Mt  C'KMt  Hill,  filliri 

•  ••  tHIIM. 

smcitTi  •  Cmcj      imm       wyhrwt  ~" 

IKUIS  •  (Htt  ill  III*!.  IWM  flM|U.  flit  wrf  *»<  Mrt 
fMM.*  lilliri  iM«tl  'f»««f. 

C#"TIIL  CHT1  •  t|M.  CMt»  ••!  Urtll 

CMtfil  u>$  ■«•»•.  iiiti*  nil  ♦*<  I  !■»•!• 

rititcm  -  in«i  **•  •MutiH. 

TltLllC  -  t**t*  •€€•»••«€•  »M>  ••••flCl^l',t  tUtrtCtlMt. 

KOM  MltT  *  Ck«Ck  cWltiM  W|  Ntnt.M.    CMC*  !«««  IfnMi  Ut 

nfKtii*  ctklii.  ♦*<  ■»««*■■. 

tiff  II  5TICI  ill  •  Ch*«       H*««"  C«Mltf«««««  HflMWI. 

CtOt»  IHCMHI'-  CA*<(  irM«r  MIMti«i.  ••iMiwat  »Mttt  ■• 
•*4«  »«C»f I*  tk*  «U<lMlir«"l  lAlt'KtlMI. 

Nllk  H\U  •IIIMHT  •  C*««*  tfU  •••»»•»».  •♦UIM*.  iiiftUj. 
|fllt«  IMll  lit  imi«»  rV 
,flH  HICUJIX  •  Cif«^t>  I«t»,  fU*.  nli  ft  iM'ti. 

Mir«Hi  •••»»■    •""««  '/^•••'  '*UU 

ctmt  n»  (SiOHis.  ciitti.  itc.)  •  imimi      •••».  »*j^t  u 

•4A.fKtynr'l  l»Mt''CCl<lH*. 

TlllU  mVCHMSv  <CIUt,  IHVlLS,  ttC.  K  •  iMMCt  'ti"'* 
CUICMt.     tM|KI  ItMl  !•««.  •»■#!■         I  ft'   • 


fT(N  service 
*). 

Jt 

if"* 
It 


THIS  -  C»M»         «ttt.    I«fltt»»«.  »»•#•# 

•  (III.    IwtMl  •»••!••  »«!«•  «*J 


■  Tl  |MM        Mill  f*r  KM'  Uir>citi»«. 


Cfr»M«f  (»»  .M«K   •#>••!  It**—  U  *M*UVt- 

C^ltUM  IlltlJ  **l  LI  ICS  •  Clwck  ill  1  J%l  ••••••"r.  , 

CUM         filttfl.   W  t'Mt-    C»^«  CWMM'i  •»!••*•» 

«•!«•.  Mill        l»lf«tt         *ti««  •*  *itl  MM- 

iicuni'i  C»«c  f*r '>••«•. 

urtlitiu  :o»Titis  •  Cuci  imn  «•»  »••»•.  |Imm 

•■j.ilMOt.  c»"ir»lt  f*r  i»C  •  Mir. 

STftlllft  •  CMC*  tl*i  f%.  I««ll,  •*■! 

ticiiti  Ur  Mir  iM  ■U|'«M»t. 

CMHIJ  rtlW  ISJtHfU  lH»TtSLLMiS.  »»«  ill  1tS*ll«S)  •  CIm* 
lttt««.  iTSi'M  T>»«i(  •»••  •»»*tl*t 

Mill  M  t»*»t.    I>IIKI   Ml  Ujllt  «'«•  t I»  *«€•»<••€• 

.»M  «tMfKti'l'*l  »Ml#Kll#«li 


mCfkS  -  CW*  Ut  Ml  liMfi.  lliiillj  «»^»  frOal  jili*»* 
Mxt.    CMM  |tlt*M«tr  ■•«  Hf*»- 

Mm  •  Cm<*  ircii  MMa  iIm  niH.  iricftiti  nKt,  Mlti  m 

rit«ti  Ut  CtMltlM  *M  ill|MMt.  ' 

CIS  *  CM*  «l •«•««.  |IMI.   IMtl.  «••!(•«•.   f'lMI.  MMt 

Mill,  |«IM  l<U  ItMtlMCIIlM  MflU|t.  1\  —  t%  Ml  •lltlllMf 
ffW  Nl'ltl'l  MlltlM.  ' 


MM  Ml  IfltS  •  CM*  cr«n  iwiin,  ilM  Mill.  Mldlti.  Mitt. 
Mile,  riMtiV«f  ■•MltlM  Mt  tllMMt 

VlHU  "  ON*  *rU—  lllMI  €*ll  %%  Imm  VMltl  MM^Ifc 
Mil  llffl^MM  »»  MflKtlM. 

UUITS  All  Stt*#fl  IMvt  -  CM*  Ht  Im««  ill  til.  »lMti.  mIM. 

(UIHtfl.   INll  *M  lit  Ml  Ut*  M4  lMfM«'  MrtlH  llUM*. 

arnu  mis      im  iits  •  Cm*  utidiit  Mlti  •»  cm* 

I   IIIIMCI  Uit  «M>  II  M*r««cll«|  mKM*/|  •*  Ut  Ml**. 

Tj(rf^-  CMCI  ilnl«|.  l«*M.  w  Imm  tutl  *#*tl* 
MIMr*. 

Mil, |  MiM  ||»  nil  IM  -  ClMk  »IM.  kll|  Uli  »«*••  M*«t. 
Mlti.  ■ilti.  i»lftli$  MllttlM  d'  IMtl  tilt.  CM*  lift  M4 
■  IM  ir»i  f«r  MMi  M4  «*n^l«lM/».    **  U\t  pH 

> 

jl»S.  Ltllll  Ut  C0KMCS  •  C»M*  Ut  »Mf  Mt  MM  I  U|. 

•O*  o 

11M4I  LIKI  •  (MO  Ur  WM/  Mt  «lM|lMt  M*tU|  Mlt 

Ttttll  USOHLT  -  CM*  plitil.  Hill  M)tf«l  Mt  Mji  fi#  Mi». 
.       cn*i  Mt  kr«4*l.     U«*  tMllM  Mfltf  MjlltMSt.  . 

rCCUTttC  liilT  tfXinC  -  €»*»  l«*«  Mt  ifMl* 

llitMUt    ^  ^ 

•Ct*T(T«IS  Mt  tKVCS  ■  CM*  MMltlM  If  MUl  Mt  Mil  MX.  lllf*- 
iinuri/iiHIlUI'i.  ttll  Mt  rMtili. 

M'+Otll  |  Mfltf  iiimi. 

UHHl  UttlHIS  '  CM*flfM4r.  MMtlH.  lllM»Mtl  Mff'lllM. 

Sm  IM*    "Mil.' Mill  I  I'M!*        li  ilMt  Mt  M*r*.  v 

II1S.  MftUJ  Ut  CttTIl  •  Cll*  tflMl  Mt  fMtMUfi.  U**Cl 
M*/lU«A  «f  |ltMjMt  MM  I  nil. 

Hllfl  MtM  •  C*m*  »lil*f  fir*t.'«MUi.  M4rlHi  tr*l*  nllM* 
Ut  M«r  Mt  «UMfi*iti.  . 

Mltl  CtHCI  III  riHC  MflCI  •  IIHNl  f«Mt(Mj«l  Mf«*Mf  *W 
M«'lll**>  t 

IIItllTMt;  UCCniC  ■  CM*  Mi'Uf  Mill  U*  U*l.  CI  im  M4t 
■M«ll  frM  ■!#  miimm.  CM*  CHtlllM)  illy  'l»f,  Mmttwr. 
|/««Mi  f4jr  Ml'  Mt  IHH'  ft.  lUl'MIMMlt  ftMtlM  inwrtf. 
Ut/lctU  M  rt^jilf M. 

CIIUS  ill  StflHS  •  l«IIM\  MUtltlM  1^.  **»!••  Mt  IttMMMtln 
'■Bill*  U  MC«rtHC«  •ltl.«M«fMtl/«rl«  U«tr««tU««.  t**t* 
■Mmi.  III!  I  MlflMt  Ut  mttt  Mt  lr*M  flMftl. 

IIIKIlt  -  immK  |/i«i«  Mill  Ut  l|Mi.  Ck«*  l«nU|i^«f 
MjllUMt  M4  llf|«Mt.     tiMJeaU  ll  »M«"H.  t 

ItLTSt  ItlVI  •  I  *  M  Mt  Ut  Ml/  Mt  fflMt  ■«««•.  >t}«lt  tMlfM 
11  Ktl'IWN  *.tl  IWl'Mtl'l"!  »#MlHCitlM«.1 


tiirrr  tuutt  *  cm*iii  nfiti  *4'ti  Mt  m« 

(MtiMit.  IMI/I  IM  I*  f*MM««ltt*. 


rfn$  rulOt  4^0//  tt  usoO  //I  conjunct  ion  vltri  0avOOC*»  21$}.  vttcfi 
covtrs  xn$  tnfint  cdnfomrttfsj . 


.'-) 


2.13 


Figure  15-ll.-Preventlve  Maintenance  Service. amd  Inspection  Guide, 
Construction  and  Allied  Equipment,  NavDocks  2009. 
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Chapter  15- PREVENTIVE  MAINTENANCE 


fvsra  bos  wmaursrss  ass  &?,wa»4W«a?~ 


ITEM  SCRY  ICC 
HO* 


II  -v 


(T5 


-4-  t>M  w  -  Hepeot  *i#  °r  mCma 

rSfs  M  covers  t*#  aw  Mdfecud  dy  -i-  In  the 
service  co/wm  o#/o'if.  ^ 

-f-  ty##  A**  -  tvcry  $00  hours  or  wort  inless  mCm  , 
due.     Mis  J*  covers  the  lf«M  l«d<cot#d  by  'B' 
In  the  service  column  eetow* 


■C"  *  Every  V00  hours  operation. 

M  covers  alt  Items  listed  below. 


inis 


lubrlcoVlon  intervals  sholl  bm  in  occordance  with  Manufacturer's  recommendations. 


ITEM  OESCXiniOH 


lUTtttOlTS  •  CJ*C*  III  lMtnr»*it»  Ur  frtH'  tNfttlM. 

iIm  ipitiM  me  tUrur  witc*.  ^ 

CmiM  SY1TDU  -  HH  r«4UUr,  clMCk  «*•"  tl ffct*«  rrtUUr 
mi  Mtttr  h*M  tl.ua.    Cfc«<k  *lta. 

e»«k  MtlfrMtc  It  •••»•».  I '  air  c»«l*  CMCk  Mm. 
•tralfJktwi  *><  el«M  If  ••*»»Mry. 

fU  USCMtlT  U»  fAJt  IlLU  •  l"Mtct  tw  llMrtlr  ■*»• 
1,1(1,    Atfjtft  If  MCtvMary.         r.ltr  »r  atralffct 

(i* 

tUU,  VATtt.  IIL.  f«a.  "tfflE*  •  CMC*  •mU<  til 
•M  mitr  iMkt.    Ck«ck  flltar  c«M.  •»»  llttt 
aukatt, 

MTTIIT;    imii  TIMItUS  -  If  el«k  .attary. 

Ck*4  »«t«r  l*v«l.  C*»€fc  Ur  dirty  «r  tel.  MMltlm. 
l«c*r<  r«t4liaa. 

r«l  MlTtt  U»  r«l  H*f  •  CUM*  f»«l  MlUf  **<  '■•» 

mccc  cmmi  «cu  win  •  awek  cyiiM.r  mm  .t»#  mi* 

9r  M*  «r  r»>tllt  aM/iM  at  flr»t  lM»«tlt«.* 

All  CUUd  -  Cht*k  »erM«u  t«i  til  «<  eUtt  a* 

met  t  t*rj. 

CitWRtfOt  -  *<i»»t  eirNntir  141  •  inrt  «M  •lit*r* 

•tfJlttMftl  t»/«KM  fMM.  tlfUtt  MMtlnff  Hit*. 
MAM CTO  -  C*»0  Hlttt         lM«lM  C«»»Mflf. 

llffftllVTU  •  <UtrlMt«r  ••lnt».  '(OM 

Mtir). 


TIMIM  •  »»t  tl*ln|.  HfM).  * 

CUM  OIL  ITlAliEU  -  <T  tfettMfj.  •>••* 

e*«l«ri.  luiMtt  til  iitifwl  •"!*»»•  •*»  ■»*••  ftr  e,B* 
tfltlMt  M4  U*itH«-  '  . 

TftU  (uide  snail  be  used  in 
HavOocks  2009.  which  covers 


ITEM  SERVICE 
HO. 


fTEM  oEScmmon 


C«C*  fUlL  Mil  +  SMtT  trf  tUtCS  -  l«»»«et  U«M 
f«r  e«n«lti*f*  •«<  we»r»ty  *1  Ulfi  4—«  #lttlM»- 
•MRl«ft  f4r  Mft^  Mtttritf  M«  tUff*  »t«t».  Cfc»ck 
IMt  •!#  •■•'-•tltn  •««  Hlkl.     CMC*  'Ml 


1  m 


WIIIC1TC  eiOIRE  ACCESJOHEl  •  L«»fie«t«:  |*MflUf. 
Itirt«r,  CirkirtUr.  Ilikn*.  «l»tr»»»t«r  lh«ft.  CMMt 
•  II  In  acccrlAftCf  with  tliCtini  ltwi«*M». 


WCI0E*T  OkKiSE 
Offctit*  itrtf.  *^ 

'  CUM  IWCCTWJ  •  tt^v«  inj*ct«r«.  cU*«  t«t  »<ji«t 
t«  Hm^Ktiriri  «9«ci  f  Icatian.    C*««k  •»« 

IfljtCtiCI 

valvi  Uiict  el««rti»e«  U  ntel#leiti««i  rtllt  »>«t.  0« 
L  h*»4  th«  iMlMtitn  ■■  th«  *«r 

*«rv|etl«  mtflettsd  ly  »«Ivt  Ml»«»«r  •n|Ut  Mrf«r«4n<«. 

OtW  C0HWC5JI0H  •  C*t<*  t»tf»iil*».  ^  . 

mjrcCT  CUUC43E  fOI  JUOQE  •  ■  *  •■■  •'♦*»«>•  *• 
A«f««l.  cl«w  »M  eh*<k  tw  •!>  trMun  rtlUI  >»•!»• 
»««t.    CH«ek  c«n^iti«"  «f  »«etl««  *ier«««»  HflfM 
•  Cl««n  «r  r«>U«  r««|r«4. 

C«Cr  M0WT1M  10LTJ  -  4*^  Hit*  -III  f«i«lt 

<»  tM  Ufi  «f  th«  trlfl^l  tkln  tM  »«fMft  n«t 
tfi4  •U«ll|ft«»»t.    ff  •«il"«  ivXmci  «f  MIM 

adrift  It  k«  r««Ilf«<  w»<  irtMrly  ltc«r«4. 

CHECK  CXMAWT  SYSTEM  •  C*i«li  f«r  •iht-lt  M#H«r 

CULES  -  Ch«ek  all  ea»l«i  *«r  «h«rt».  (U«l  »"ia«lM 
vtlt  •Iter). 

CJEC1  CO^IESSOI  *«0  OHIVC  •  Ct*ck  ewrMMrfarMrUfi* 
ine«,    mcccet  llr«i.  fi  ttlnit.^  '  r*e«N«r«  Ur 

UaK«. 

«0VC«Wt  -  iMMCt  the  f«varAcr  antf  llMtft  »«e«rlty 
antf  IMrAtiHI  •ffjelwey  ««<«r  v*ry inf  e«««* t 

titici  liifl*  «f  SarflAf  tr  l«ir«i«r  ticratlu.  »■«  iM«d 
iMIettcr.    tuirleat*  rwtfrt. 


conjunction  vith 

the  driven  components. 


-e- 


2.14 


Figure  15-12.-Preventlve  Maintenance  Service  and  Inspection  Guide,  Construction  and 
Allied  Equipment,  Gasoline  and  Diesrt  Engine  Components,  NavDpclcs  Z161. 
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CONSTRUCTION  MECHANIC  2 


WATER  *JVP.  — 

GENERATOR  (2  OH.ERS  OR  2  PLUGS) 
STEER  #JG  GEAR 
CmftftUTO*  KXLER) 


-CRANKCASEIORAJN  a  R£Ft^L> 

ABOVE  +  32/  SAE  30 

BELO*  ♦32*  SAE  20^0* 

BE  LOW  *  50'  SAE  0* 

Oil  P*LL  CAP  SAE  50 

BREATHER  SAE  50 


AN-FOLO  h£aT  control  ^vE  S-Af 


CONTROL  ARMS  (3FWTWGS) 
KIW3  «»N   k  PlTTtfXJS) 
CONTROL  ARMS  «3P>TTjsGS) 
TIE  ROCS  (SWINGS) 

PEDAL  SMAFT'(2PiTT»NGS) 

BRAKE  MASTER  CYLINDER 
»   (CHECK  LEVEL) 


CCA'RCL  A°VS  **l  ^G? 

KtNG  SN  *2  r 
/ 

CON'ROL  ARMS  (3  F  *''»iGSt 

^T>£  POO  M  e.'TNG) 

"*  rCRQ  Jt  SmATt  i  1  F-TT'NG'  * 

GEARSHIFT  CONTROL 
BElc  CRANK  (•  F'^lNGJ 

TRASSMtSSON (ChECk  wE^E^, 
CERENT  AL  (ChECk  -EvEL) 


29.95 


Figure  15-13,— A  typical  chassis  lubrication  chart. 


Watch  for  new  lubricants  and  lubrication 
processes,  which  are  being  developed  contin- 
ually. Technical  magazines,  Navy  publications, 
and  your  thief  are  the  best  sources  of  informa- 
tion about  new  developments  in  lubrication. 


CHASS£}  LUBRICATION 


r 


Most  chassis  lubrication  fittings  are  located 
on  the  front  suspension  and  steering  mecha- 
nisms. The  importance  of  proper  chassis  lubri- 
cation cannot  be  overstreQS|d.  This  lubrication 
should  alway$  be  perform ecn&i  accordance  with 
-the  manufactorer's  lubrication  charts. 

Some  fittings,  often  referred  to  as  "frozen"* ' 
fittings,  will  not  readily  accept  lubricants  be- 
cause the  friction  surface  containing  the  fittbag 
has  dry  and  dirty  working  surfaces.  Some  rela- 
tive motion  in  the  connection  is  needed  to  permit 
the  lubricant  to  enter  the  frozen  fitting.  Rocking 
the  vehicle  is  the  usual  method  of  providing  this 
relative  motion  in  the  .coupling.  In  someextreme 


cases  it  may  be  necessary,  to  disassemble  the 
unit  being  greased  in  order  to  properly  lubricate 
it.  NEVER  pass  up  a  frozen  fitting. 

BODY  LUBRICATION  •  * 

V 

Cleanliness  is  the  key  to  body  lubrication. 
Carefully  remove  any  excess  lubricant  after 
lubrication  since  the  chassis  lubrication  points 
are  located  where  they  can  easily  collect  road 
grit  and  cause  caking.  To  lubricate  the  hood, 
apply  a  few  drops  of  oil  on  the  fastener-and- 
release  mechanism,  coat  the  fastener  pins  and 
hooks,  with  a  light  application  of  dry  stick  lu- 
bricant, and  close  the  hood. 

Car  doors  and  trunk  lids  are  lubricated  by 
applying  a  drop  or  two  of  oil  to, the  door  latch 
mechanisms.  *Also  apply  a  few  drops  of  oil  to 
the  hinges  and  swing  the  door  back  and  forth  or 
raise  and  lower  the  lid  to  spread  the  lubricant 
over  the  contacting  surfaces;  wipeoff  any  excess 
lubricant.       ,  > 
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Chapter  15-PREVENTIVE  MAINTENANCE   


The  door  striker  assembly  is  lubricated  by 
applying  a  light  coating  of  dry  stick  lubricant  to 
all  sliding  surfaces ^and  a  few  drops  otfiil  to  all 
bearing  surfaces.  Apply  a  drop  or  two  of  oil 
around  the  edge  of  the  cylinder  face  and  to  the 
outer  surface  of  push-button  latches  and  press 
the  push-buttons  several  times  to  distribute  the 
lubricant.  Wipe  off  any  excess  oil  and  lubricants. 

Never  use  oil  to  lubricate  locks  since  it  col- 
lects dust  and  lint.  Inject  graphite  directly  into 
the  keyhole  and  work  the  lock  several  times  to 
distribute  the  graphite  in  the  tumbler  mecha- 
nism. 

A  dry  stick  lubricant  is  best  used  for  sliding 
weather- stripping  surfaces  of  ashtrays,  hinged 
visors,  glove  compartments,  and  other  Ringed 
units  within,  the  vehicle.  Hinged  surfaces  outside 
of  the  vehicle  may  be  lubricated  lightly  with  oil. 
Always  remember  that  the  few  minutes  it  re- 
quires to  oil  these  various  items  will,  in  most 
cases,  eliminate  their  failure. 

ENGINE  AND  ENGINE 
ACCESSORY  LUBRICATION 

Changing  crank  case  oil  and  replacing  the  oil 
filter  is  performed  in  accordance  with  the  man- 
ufacturer's specifications  on  automotive  equip- 
ment and  at  B  and  C  Preventive  Maintenance 
services  on  construction  equipment. 

The  preferred  time  to  drain  the  crankca'se 
is .  immediately  aftejr  the  engine  has  been  run 
so  that  the  hot  oil  will  drain  completely  and  take 
along  the  suspended  sludge  within  the  hot  oil.* 

Oil  Filter  Service 

Oil  filters,  as  you  may  recall  from  Chapter 
5,  remove  the  physical  contaminates  of  the  motor 
oil,  but  not  the  chemical.  They  are  effective  alao 
in  removing  metal  chips,  carbon,  dust,  and  grit 
from  the  oil. 

The  two  types  of  oil  filter  systems  used  on 
automotive  engines  are  the  bypass  and  full-flow 
types.  They  bypass  type  of  oil  filter  is  bracket 
mounted  to  the  cylinder  head  or.  manifolds  with 
connecting  oil  Mnes  to  the  engine.  The  oil  from 
the  oiV  pump  passes  through  the  oil  filter  and 
then  to  the  crankcase  in  the  bypass  system.  The 
full-flow  type  of  oil  filter  is  integral  with  the 
engine.  The  oil  is  directed  under  pressure 
through  the  filter  and  then  to  the  engine  bearings. 
When  the  oil  Jsitoo  cold  to  circulate  through  the 
filter  in  the  full-flow  system,  a  bypass  valve 
directs  the  oiLatound  the  filter  element. 
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Bypass  systems  use  three  types  of  filters. 
They  are  the  throw-away  type  (fig.  15-14),  the 
screw-on  type  of  throw-away  filter  (fig.  15-15), 
and  the  replaceable  element  type  of  filter  (fig. 
15-16).  The  full-flow  system  use$  the  repjace,- 
able  element  type  or  th*e  screw-on  type  of Jnrow- 
away  filter.  A  replaceable  element  for  a  full- flow 
type  filter  is  shown  in  figure  15-17. 


'  81.326 

Figure  15-14.— Sealed  type  of  throw- away  filter. 
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Figure  15-15.-Screw-on  type  of  throw-away 
,  filter. 
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DRAIN  PLUG 


*  f  26.27 
Figure  15-18.T-RepUceable£lement  type  filter. 

THROW-AWAY  OH,  FILTER  SERVICE.— 
The  throw-iway  type  of  oil  filter  is  replaced  as 
a  complete  unit.  You  have  to  disconnect  the  qil 
line  fittings  at  the  filter.  Detach »the  filter  from 
its  bracket  and  remove  the  Brass  fitting  from  its 
filter  housing.  Throw  away  the  filter.  Place  a  bolt 
or f  plug  into  the  brass  fitting  when  you  are  re- 
moving or  installing  it.  Bjrass  is  maleable  (easily 
bent)  -and  may  be  crushed  by  excessive  wrench 
pressure.  tf  t 

SCREW-ON,  THRqjy-AWAY  OIL  FILTER 
SERVICE.— The  screw-on,  throw-away  type  .fil- 
ter is  also  , replaced  as  a  complete  unit.  You 


COVER 
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Figure  15-17.-Replaceable  element,  full-flow 
type  filter. 


unscrew  the  filter  from  the  base  by  hand  and 
throw. the  filter  away.  Wipe  the  base -qlean. with 
a  cloth*  place  a  small  amount  of  grease  or  clean 
lube  oil  on  the  new  gasket  aa  an  added  precaution 
against  leakage,  and  screw  a  nej*  filter  onto  the 
base  by  hand,  tightening  at  least  half  a  turn  after 
-the"  gasket  contacts  the  base.  Start  the  engine  and 
observe  the  oil  pressure  and  check  for  ,leaks 
around  the  oil  filter.  Stop  the'  engine  and  add  oil. 
to  the  full  level. 

REPLACEABLE  ELEMENT  OIL  FILTER 
SERVICE.— To  service  ' replaceable  element  oil 
filters,  you  remove  the  fastening  bolt,  liftoff  the 
cover  or  remove  the  filter  shell.  Remove  the 
gasket  and  throw  it  away.  When  removing  the 
oil  filter  of  the  full-flow  type,  place  a  pan  under 

.  the  filter  to  catch  the  oil.  Take  out  the  old  ele- 
ment ai$  throw  it  away.  Throw  away  the  gasket 
from  the  top  and  bottom  of  the  center  tube  if  they 
are  present.  Place  a  pan  under  the  filter  and  re- 
move the  drain  plug  if  the  filter  is  used  in  the 
bypass  system.*  Cleanthe  inside  of  the  filter  shell 
and  cover.  Install  m'SHChstmports  and  anewbot- 

,  torn  tube  gasket.  Insert  a  new  erementanda  new 
topr  tube  gasket.  -Iqsert  a  new  cover  or  housing 
gasket  (make  sure  th^t  the  gasket  is  completely 
seated  in  the  recess).  Replace  the  cover  or  hous- 
ing arid  fasten  the  center  bolt  securely.  Fill  the 
crankcase  to  the  full  mark  on  the  dip  stick  with 
the  proper  grade  and  weight  of  oil.  Start  and  idle 
the  engine.  Check  the  oil  pressure  immediately 
and  Inspect  the  filter  for  oil  leaks.  Then  stop 
the  engine  and  check  the  crankcase  oil  level  and 
add  oil  to  the  full  mark.  4£he  final  step  tn  the 
procedure  is  to  shark  the  mileage  on  the  sticker 
so  that  the  element  of  the  oi£  filter  will  be  re- 
placed at  the  proper  intervalr 

Air  Cleaner  Service  t 

Air  cleanejrs  filter  out  the  dust  and  grit  par- 
ticles from  the  air  being  taken  into  the  iue\  sys- 
tem. The  three  types  of  air  cleaners-used  by  the  t 
Navy  are  the  oil  bath,  wire  gauze,  and  dry  type. 
Air  cleaners  should  be  serviced  in  accordance 
with  the  manufacturers'  specifications  on  auto- 
jnotiye_eouipmfint  and  _at_ea(;lLB^^JtoP_sectJorL_ 
on  construction  and  allied  equipment;  mpre  often 
if  operating  in  dusty  areas. 

All  oil  bath  cleaners  are  serviced  in  a  sim- 
ilar manner.  You  remove  and  disassemble  the 
unit.  On  some  models,  the  element  and  reser- 
voir are  all  you  will  need  to  remove.  Wash  the 
filter  element  in  kerosene  or  other  solvent  until 
it  Is  thoroughly  clean.  Shake  excess  kerosene 
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from  the  filter  element  and  dry  It  In,  the  air 
(don't  use  compressed  ajr).  Empty  the  reservoir 
oil  and  clean  the  reservoir.  Refill  the  reservoir 
to  the  oil  level  mark.  Replace  the  filter  element, 
cover,  and  wing  nut.  Wipe  the  entire  unit  with  a 
clean  cloth  and  carefully  place  the  unit  on  the 
carburetor  air  horn. 

The  wire  gauze  type  air  cleaner  has  no  oil 
reservoir.  The  mesh  filtering  element  is  washed 
and  soaked  with  oil  attach  service  period.  To 
service  the  unit,  you  remove  it  from  the  carbu- 
retor air  horn.  Remove  the  element  and  wash 
it  In  kerosene  or  other  solvent.  Shake  the  ex- 
cess kerosene  or  solvent  from  the  unit  and  per- 
mit it  to  dry  in  the  air.  Oil  the  wire  gauze  with 
motor  oil  and  allow  the  excess  oil  to  drain.  Clean  * 
the  inside  of  the  filter  shell  with  a  clean  cloth. 
Replace  the  element,  cover,  and  wing  nut.  Wipe 
the  unit  with  a  clean  cloth  and  replace  it  on  the 
carburetor  air  horn. 

The  dry  typ£  carburetor  air  cleaner  uses  a 
"paper  element.  It  is  serviced  by  removing  the 
element  and  shaking  and  tapping  it  to  remove 
the  dirt. 

Manifold  Heat  Control  Valve  '  j 
Service 

The  manifold  heat  control  valve  (fig,  15-18) 
is  another  engine  accessory  tfhich  must  be  lu- 
bricated. The  manifold  heat  control  valve  be- 
comes very  hot  while  operating^  A  mixture  of 
kerosene,  alcohol,  or  penetrating  oil  mixed  ^th 
graphite  is»used  to  lubricate  the  shaft  since  or- 
dinary lubricant  would  rapidly  burn  off.  Apply 
this  mixture  to  both  ends  while  tuning  the  shaft 
to  wort  the  lubricant  well  into  the  bearing. 
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'  Figure  15-18,— Typical  manifold  heat  control 

valve. 


Generator  Service 

Periodic  lubrication  service  is  required  by 
most  generators.  A  few  generators  have  sealed 
bearings  which  require  no  lubrication.  The  gen- 
erator should  be- lubricated  only  at  those  inter- 
vals specified  by  the  manufacturer's  lubrication 
chart. 

Distributor  Service 

The  distributor  requires  service  lubrication 
at  three  points- the  shaft  bearing,  the  centrif- 
ugal spark  advance  mechanism,  and  \h§  cam. 
The  shaft  bearing  is  lubricated  through  either 
an  oil  cup,  grease  fitting,  or  grease  cup.  Some 
distributors  are  equipp"ed  with  a  removable  ac- 
cess plug  to  the  shaft  bearing  Reservoir. 

The  automatic  sparfc  centrifugal  advance 
mechanism  may  be  lubricated  through  a  small, 
round  felt  wick  located  at  the  top  of  the  dlstrib-* 
utor  shaft.  Apply  two  or  three  drops  of  motor 
oil  ot  the  felt  wick.  With  your  finger  tip,  apply 
a  light  film  of  high  temperature  type  grease  to 
the  cam/  CAUTION:  Excess  lubricant  on  the 
cam  may  be  thrown  over  to  the  points  and  cause 
ignition  failure.  ^  «  • 

Radiator  Fan  Service  > 

Most  radiator  fans  are  mounted  on,  the  water 
jpump  shaft  and  do  hot  require  separate  lubrica- 
tion/ (Most  water  pump  shaft  bearings  are  fac- 
tory lubricated  and  require  no  lubrication.)  How- 
ever, some  ikdiator  fans  are  equipped  with  oil 
reservoirs.  You  service  these  Tby  turning  the  fan 
until  the  screw  plug  on  the  fan  hub  is  at  top  cen- 
ter, filling  the  reservoir,  turning  the  fan  ufitil 
the  plug  hole  is  at  the  bottom  (holding  a  cloth 
under  the  drain  to  prevent  oil  from  dripping 
onto  the  fan  *  belt),  turning;  the  fan  until  plug  is 
at  top  center,  and  replacing  the  screw  plug.  The 
, correct  amount  of  oil»will  automatically  be  re- 
tained in  the  fan  hub  as  the  excess  drains.  " 

running  gear  Lubrication  , 

The  running  gear  is  made  up  of  the  mecha- 
nisms by  which  the  vehicle  is  controlled  and  the 
units  on  which  the  vehicle  moves.  The  steering 
gdar,  brake  system,  shock  absorbers1,  and  wheel 
bearings  are  part  of  the  running  gear  system. 

Steering  Gear  Service 


The  gear  housing  lubricant  level  should  be 
checked  at  ever]?  chassis  lubrication.  You  shdttld 
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clean  around  the  fill  plug  on  top  of  the  steering 
gear  housing  before  removing  the  fill  plug.  Do 
not  disturb  the  adjusting  screw  locknut  adjacent 
to  the  fill  plug.  Check  the  oil  level  and  add  lu- 
bricant, If  necessary,  to  bring  the  oil  level  to  the 
bottom  of  the  fill  plug  hole.  You  then  replace  the - 
fill  plug. 

Three  pcAnts  require  lubrication  in  power 
steering  systems.  The  gear  housing  is  serviced 
on  the  linkage  type  of  power  steering.  As  you  may 
recall,  the  linkage  type  of  power  steering  system 
has  the  power  cylinder,  and  control  valve  con- 
nected to  the  steering  linkage  and  the  steering, 
gear  of  conventional  design.  Additional  lubrica- ' 
tion  fittings  under  the  car  may  be  found  on  the 
powex*  cylinder  or  the  power  cylinder  attachment 
pointg  the  linkage  type.  The  fluid  reservoir  is 
service*  at  each  chassis  lubrication  by  cleaning 
the  stfea,  removing  the  dip  stick  or  reservoir 
cover,  checking  the  oil  level,  and  replacing  the 
dip  stidc  or  cover  after  adding  oil  if  necessary. 
Power  systems  can  become  inoperative  due  to 
dirt  in  the  system,  so  use  care  to  prevent  dirt 
from  entering  the  reservoir  during  service  oper- 
ations. 

Brake  Service 

The  hydraultq  brake  master  cylinder  fluid 
level  should  be  checked  at  every  chassis  lu- 
brication. The  fluid  level  must  be  visually 
checked  at  the  reservoir.  Pumping  the  brake 
pedal  does  not  constitute  a  complete  check. 
Cleanliness  is  imperative  when  servicing  the 
master  cylinder.  You  service  the  master  cyl- 
inder by  cleaning  the.  area  around  the  fill  plug, 
removing  the  f  1}1  plug,  checking  the  fluid  level 
and  refilling  the  master  cylinder  reservoir  to 
,  within'  half  an  inch  below  the  f  111  hole,  and  re- 
placing the  gasket  and  fill  $lug.  Always  use  tye 
hydraulic  fluid  recommended  by  the  manufac- 
turer's lubrication  chart.  The  use  of  inferior 
brake  fluid  or  one  which  contains  mineral  oil 
wilt  result  in  deterioration  of  the  rubber  seal, 
making  it"  necessary  to  completely  overhaul  the 
brake  system  and  flush  all  brake  lines.  0 

Shock  Absorber  Sepice 

# 

Shock  absorbers  depend  on  fluid  and  valve 
action  for  proper  control.  There  are  two  types 
of  shock  absorbers:  direct-acting  and  lever- 
acting.  The  direct-acting  shock  absorber  can- 
not be  refilled.  It  must  be  replaced  if  it  be- 
comes defective.  Shock  absorbers  should  be 


replaced  in  sets,  front  or  rear,  tomstintainbody 
stability.  The  lever-acting  shock  absbrbers  are 
refilled  without  being  removed  from  the  vehicle. 
All  of  the  lever- acting  shock  absorbers  are  serv- 
iced in  the  same  general  way.  Ypu  should  clean 
around  the  fill  plug,  loosen  the  fill  plug,  and  blow 
away  the  remaining  dust  before  removing  the 
plug,  and  blow  away  the  remaining  dust  before 
removing  the  plug.  Then  fill  the  shock  absorber 
to  hole  level  with  a  flexible- spo^t  oiler.  If  the 
fill  hole  is  at  the  top  of  the  housing,  do  not  fill 
it  to  the  hole  level.  Leave  about  1/8 inch  to  per- 
mit the  fluid  to  expand  at  high  temperatures 
without  causing  damage  to  jhe  shock  absorber 
seals.  To  remove  air  pockets  in  the'  fluid^ 
bounce  the  car  slightly  or  work  the  Shock  ab- 
sorber lever  back  and  forth  If  it  is  disconnected 
from  the  linkage.  Replace  the  plug  by  hand  and 
gently  tighten  the  plug  with  a  wrench. 

Wheel  Bearing  Service 

Wheel  bearings  should  be  serviced  every  time 
that  the  brake  drums  are  removed.  It  is  of  vital 
importance  that  wheel  bearing  service  be  per- 
formed with  utmost  care  and  cleanliness.  Most 
wheel  bearing  failures  result  from  dirt  and  grit 
being  introduced  to  the  bearing  during  lubrica- 
tion service. 

To  disassemble  the  wheel  bearings,  you 
should  .spread  out  a  clean  cloth  on  which  to  place 
the  parts  as  you  remove  them.  Remove  the  outer  - 
and  inner  Hubcaps  and  jack* up  the  wheel  until  the 
tire  just  clears  the  floor.  Remove  the  cotter  pin 
from  the  spindle  and  discard  the  pin.  Then  re- 
move the  retaining  nut  and  flat  washer.  Care- 
fully remove  the  outer  bearing  and  race  w(ith  an 
easy  shake  of  the  wheel.  Do  not  .allow  the  bear- 
ing to  drop  to  the  floor.  Remove  the  wheel  and 
inner  bearing  race  from  the  spindle  (ball  bear- 
ing type— .not  roll  bearing  type).  Wipe  the  lubri- 
cant from  the  spindle,  remembering  to  take  care 
to.  avoid  getting  grease  on  the  brake  linings.  You 
should  then  clfean  the  loose  dust  from  the  brake 
assembly  and  the  backing  plate  with  a  drybx*ysh 
or  compressed  air.  Next,  remove  th^gre^se  seal 
from  the  drum  by  tapping  it  out  with  a  brass-drift 
,or  wood  dbwel  (fig.  15-19).  Remove  the  inner  , 
bearing  and  wash  all  of  the  parts  except  the  seal 
in  kerosene  or  solvent.  Be  sure  that  all  of  the 
grease  is  removed.  Wipe  the  old  grease  from  the 
drum  hub  and  blow  the  dust  from  the  inside  of  the  " 
drum  hub.  After  this  clean  the  spindle  and  the 
inner  hub  cap  by  wiping.  Then  Iry  all  oi  the  parts 
thoroughly  and  examine  the  bearing  surfaces 
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81.331 

.Figure  15-1 9 Tapping  out  grease  seal  and  innpr 
bearing. 

for  pits,  cracks,  chips,  or  general  signs  of  wear. 
Replace  all  defective  bearings.  You  should  not 
spin  the  gearings  when  thejj^redry  as  they  can 
be  easily  damaged  by  this  action. 

The  repacking  of  the  bearings  should  be  done 
immediately  to  prevent  dust  and  grit  from  ac- 
cumulating on  the  bearings  or, in  the  lubricant. 
You  shoulcf  use  a  mechanical  bearing  packer  if 
it  is  available.  If  not,  thoroughly  pack  the  lubri- 
cant into  the  bearings  with  the  palm  o(the  hand. 
You  should  smear  a  thin  layer  of  grease  inside 
wheel  hub  to  prevent  rusting;  don't  pack  the 
Jtyside  of  the  hub  with  lubricant.  The  excess  lu- 
bricant in#the  hub  may  possibly  get  onto  the  brake 
linings.  .  °place  the  inner  bearing  and  grease 
seal  in  the  wheel  by  tapping  it  Into  place;  use  a 
wood  block  to  protect  the  seal.  See  fig.  15-20. 
You  should  replace  any  worn  or  damaged  grease 
seal  with  a  newsone. 

When  replacing 'the  wheel  assembly  J  you 
should  smear  a  light  coat*  of  wheel  bearing 
grease  over  the  spindle  and  replace  the  Inner 
bearing.  Next,  carefully  position  the  wheel  on 
the  spindle,  taki^ig  care  to  avoid  dimagq,  to  the 
-spindle.  Then- -place  the  outer  bearing  and  race 
into  the  drumf  hub  and  lighten  the  wheel  retain- 
ing nut   according  to  manufacturer's  torque 


specifications.  If  none  is  specified,  tighten  until 
a  noticeable  drag  is  felt  when  the  wheel  is 
rotated,  and  then  loosen  the  retaining  nut  to  the 
nearest  spindle  hole  and  install  a  new  cotter  pin. 
The  wheel  should  be  able  to  rotate  freely  at  this 
stage.  You  may  lock  the  new  cotter  pin  if  the 
wheel  is  able  to  rotate  freely. 

If  the  wheel  does  not  rotate  freely  when  the 
retaining  nut  is,  loosened  and  the  new  cotter  pin 
installed,  you  should  determine  the  cause  of  the 
wheel's  dragging.  Drag  may  be  caused  by  drag- 
ging brakes,  out-of-round  brake  drums,  loose 
backing  plates,  or  defective  bearings  or  races.. 
You  may  check  bearing  looseness  by  rocking  the 
wheel  with  one  hand  at  the  top  and  the  other  hand 
at  the  bottom  of  the  tire.  The  looseness  of  the 
king  pin  or  ball  joints  may  be  checked  in  the  same 
way,  but  observation  of  the  movement  will  in-f 
dicate  the  point  of  looseness. 

After  locking  the  cotter  pin,  and  if  the  inner 
hubcap  contains  a  static  collector,  you  should 
clip  the  leg  of  the  cotter  pin  to  prevent  inter- 
ference. Then  wipe  the  cap,  collector  and  spindle 
end  to  ensure  good  contact  for  the  radio  static 
collector.  You  may  then  replace  the  inner  and 
outer  hubcaps. 


.  _J  -81.332-,- 

Figure  15-20-— Replacing   inner   bearing  and 
grease  seal. 
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POWER  TRAIN  LUBRICATION 

As  you  may  recall  from  chapter  10,  the 
power  train  is  a  series  of  power  transmitting 
units  which  carry  the  vehicle's  driving  force 
from  the  engine  to  the  wheels.  The  power  train 
consists  of  the  clutch,  transmission,  drive  shaft, 
universal  joint  or  joints,  differential  and* rear 
axles. 

Clutch  Service 

The  standard  clutch  is  the  single-plate,  dry 
disk  type.  The  pedal  and  clutch  shaft  bearings 
are  the  only  lubrication  points  .on  this  type  of 
clutch.  You  should  refer  tottie  manufacturer's 
lubrication  chart  to  determine  when  to/Nibricate  * 
and  which  lubricant  to  use.  Most  eft  .the  late 
v  model  cars  have  a  clutch  release  bearing  con- 
taining enough  lubricant  to  last  for  the  life'of 
the  bearing.  Some  trucks  and  older  cars  have 
a  clutch  release  bearing  which  requires  periodic 
lubrication.  To  service  the  clutch  Velease  bear- 
ing, you  should  remove  the  lower  flywheel  cover 
and  clean  the  plug,  fitting,  or  oiler  with  a  clean 
cloth.  Then  lubricate  sparingly  and  wipe  off  any 
excess  lubricant.  Then  replace  the  lower  fly- 
wheel cover.  '» ^ 

'Transmission  Service 

The  k  conventional  transmission  should  be 
checked' for  lubricant  level  at  each  chassis  lu- 
brication. Recurrent  low  lubricant  level  indi- 
cates that  there  is  leakage  around  the  oil  jseals.  0 
If  you  notice  foaming  in  the  oil,  youshpulg^drain 
the  transmission  and*  refill  it  with  fresh  lubri- 
cant. Foaming  is  evidence  that. water  or  some 
other  lubricant  which  will  not  mix  wfth  the  rec- 
ommended lubricant  is  present.  You  should  dra,in 
the  transmission  immediately  after  the  vehicle 
has  been  operated.  The  lubricant  will  then  be 
warm  and  will  readily  drain  and  take  along  the 
suspended  contaminants^  as  it  drains.  Before  you 
(Train  the  oil,*you  should  clean  thoroughly  around 
the  drain  and  fill  plug's.  The  drain  and  fill  plugs 
should  be  removed  to  allow  the  oil  to  drafh.  To 
refill  the  transmission-with-oilf ^oti  replace  the 
'drain  plug  and  fill  the  transmission  with  the 
proper  lubricant  until  it  reaches  the  bottom  of 
the  fill  plug  hole.  Then  replace  the  fill  plug., 

Universal  Joint  Service 

Universal  joints  are,  as  you  may  recall  from 
chapter  10,  devices  that  are  designed  to  transmit 


power  through  the  drive  shaft  while  flexing 
through  various  angles.  The  cross  and  yoke  types 
of  universal  joints  are  packed  with  lubricant  at 
the  factory.  To  repack  them,  you  shoukTmark 
the  bearings,  drive  shaft,  and  spline  with  chalk 
to  ensure  their  reassembly  in  the  correct  posi- 
tion for  drive  shaft  balance.  The  first  step  in 
universal  joint  service  is  to  bend  back  the  tangs 
on  the  locking  plates  and  remove  the  four  bolts 
holding  the  rear  universal  joint  to  the  rear  yoke. 
Next,  bind  the  bearing  trunnions  onto  the  cross 
with  wire  or  tape  and  lower  the  rear  end  of  the 
propeller  shaft.  Then  slide  the  shaft  backoff  the 
splined  transmission  shaft.  Mount  the  drive 
shaft  and  the  attached  universal  joint  in  a  bench 
vis^  aqd  carefully  remove  the  wire  ortaptefrom 
the  two^runnions.  Lift  off  the  two  trunnions  with 
their  washers  (being  careful  not  to  lose  any  bear- 
ing needles).  Next,  remove  the  two  bearing  re- 
tainer rings.  The  split  yoke  type  universal  Joints 
do  not  have  retainer  rings;  they  are  disassem- 
bled by  removing  the  two  cap  screws,  and  lifting 
off  ea$h  bearing  trunnion.  After  disassembly, 
position  one  of  the  bearing  cups  over  a  block  of 
soft  metal  having  a  hole  in  it  larg,e  enough  to 
permit  the  bearing  cup  to  pass  through^Then 
drive  the  opposite  bearing  with  a  soft  mptal 
punch  until  the  first  bearing  drops  free  of  the 
yoke.  Turn  the  assembly  over  and  use  the  same 
procedure  for  removalof  thetrther bearing, Then 
remove  the  cross.  Use  the  same  procedure  for 
the  disassembly*  of  the  dther  universal  joints. 

Then  wash  all  of  the  parts  carefully.  Remove 
any,  old  grease  from  the  grease  holes  in  the 
cross.  Replace  any  defective  parts  and  any 
brittle  or  worn  seals.  Then  pack  the  rovers  and 
fill  all  cavities  within  the  cross  witlr  the  rec- 
ommended lubricant.  Reassemble  the  unit  in  the 
reverse  order  of  disassembly.  Use  a  vise  to 
prestf  the  bearing  cups  into  position. 

The  ball  and  trunnion  type  of  universal  joint 
is  disassembled  for  lubrication  by  removing  the 
nuts,  bolts  and  washers  holding  both  universal 
joints  to  the  flanges  after  marking  them  with 
chalk  to  make  sure  of  proper  reassembly  posi- 
tion. Remove  the  differential  end  of  the  drive 
shaft  hy^pumng-Jox^ 

flange.  Next,  remove  the  trahsmission  end  of  the 
drive  shaft.  Hold  an  end  of  the  drive  shaft  in  a 
vise  while  supporting  the  other  end  of  the  drive 
shaft.  Hold  the  cover  with  your  free  hand  to  con- 
trol the  pressure  of  the  inner  spring  and,  at  the 
same  time,  b^jd  up  the  slips  on  the  metal  bend. 
Then  remove  the  grease  cover,  gasket,  and 
spring  and  pull  the  universal  joint  body  back 
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toward  the  shaft.  Next,  remove  the  bearings  from 
the  cross  pin  and  clean  the  old  grease  from  the 
cross  housing. 

Disassemble,  wash,  and  inspect  all  of  the 
bearing  parts.  Replace  any  defective  parts.  Then 
i  lubricate  the  bearings  and  reassemble  the  bear- 
ings to  the  cross  pin.  After  this  pull  the  housing 
back  to  Its  normal  position.  Loosely  fill  the  hous- 
ing with  the  recommended  lubricant.  Npw  replace 
the,  spring,  gasket,  and  cover.  Hold  the  cover 
down  with  one  hand  to  compress  the  spring  while 
taping  the  cover  clips  down.  Then  replace  the 
shaft  assembly  by  inserting  the  transmission  end 
first.  Make  sure  that  the  chalk  marks  are 
matched  as  you  replace  the  belts,  washers,  and 
nuts.  ' 

The  Hotchkiss  drive  has,  as  you  may  recall 
from  chapter  10,  a  change  in  drive  shaft  length 
as  the  vehicle  'travels  over  uneven  surfaces.  A 
spline  in  the  rear  universal  joint  acts  as  a  slip 
Joint  to  permit  the  drive  shaft's  effective  length 
to  vary.  Some  splines  are  lubricated  from  the 
transmission  and  some  are  packed  with  lubricant 
at  the  factory  and  require  packing  at  only  recom- 
meded  intervals.  There  are  some  splines  which 
may  be  lubricated  through  a  fitting.  The  man- 
ufacturer's lubrication  chart  should  be  used  to 
determine  the  proper  lubricant  to  use  arid  where 
to  apply  the  lubricant  if  there  is  a  fitting  on  the 
universal  joint  spline. 

Drive  Shaft  Service  1 

The  drive  shaft  itself  is  not  lubricated,  but 
the  drive  sjiaft  bearing  located  in  the  middle  of 
the  drive  shaft  may  require  lubrication.  Most 
drive  shaft  bearings  are  sealed  at  the  factory 
and  require  no  Imbrication.  Those  equipped  with 
fittings  should  be  lubricated  at  regular  intervals. 
You  should  refer  to  the  manufacturer's  lubrica- 
tion chart  to  determine  the  type  of  lubricant  to 
use  and  where  to  apply  the  lubricant. 

Differential  Service 

The  lubrication  procedure  for  the  differential 
varies  from  model  to  model;  the  manufacturer's 
lubrication  chart  wfll  indicate  the  lube  points  and 
the  amount  and  type  of  lubricant  to  use.  Most 
differentials  are  filled  with  lubricant  to  >the  bot- 
tom of  the  fill  plug.  Differentials*  should  be 
drained  after  the  vehicle  has  been  driven  since 
the  warm  oil  will  drain  more  easily  and  com- 
pletely. 


MISCELLANEOUS  'LUBRICATION  . 

There  are  some  vehicle  components  which 
.   dp  not  fall  readily  Intq  any  one  category.  Elec- 
*  trie  motors;  gearshift  levers,  and  speedometer 
cables  are  components  which  require  lubrica- 
tion service,  but  which  do  not  fall  into  any  one 
of  the""previous  categories. 

Electric  Motor  Service 

The  small  electric  motors  used  for  auto- 
motive, accessories  are  us,ed  only  intermittently 
and  seldom  requite  lubrication.  These  electric 
motors  may  be  equipped  with  oil  impregnated 
bearings  which  do  not  require  lubrication.  When 
there  is  a  -means  to  lubricate  the  motors,  you 
.  should  apply  the  lubricant  sparingly. 

Gear  Shift  Lever  Service 

You  should  occasionally  lubricate  the  fric- 
tion points'of  the  linkage  for  gearshift  levers 
mounted  on  steering  Columns. 

Some  vehicles  with  automatic  transmissions 
require  that  the  automatic  transmission  linkage 
be  lubricated.  You  should  sparingly  lubricate 
^the  shift  detent  lever  every  1000  milesfor  those 
automatic  transmissions  which  have  the  shift 
detent  lever.; 

j  TROUBLESHOOTING 

Before  becoming  a  SEABEE,  you  may  have 
*  tinkered  with  cars  as  a  hobby.  The  Construc- 
tion Mechanic  does  not  tinker.  He  should  regard 
every  vehicle  as  "a  piece  of  government  equip- 
ment which  should  be  maintained  in  the  best  pos- 
sible operating  condition:  Maintenance  also 
means  correcting  troubles  that  could  disable  and 
immobilize  a  vehicle.  When  you  strike  for  Con- 
struction Mechanic  First  Class,  you  must  be  es- 
pecially good  in  locating  and  correcting  trouble 
in  gasoline  and  diesel  engines  so  that  you  can 
train  lower  rated  men.  *  * 

It  is  not  practicable  to  discuss  every  phase 
of  troubleshooting  in  this  book,  as  troubleshoot- 
ing varies  according  to  make  and  type  of  engines 
n  involved.  Throughout  his  manual,  however,  we 
have  discussed  certain  troubleshooting  proce- 
dures in  connection  with  operation  and  mainte- 
nance. In  general,  for  specific  problems,  the 
manufacturer's  manual  is  your  best  source  of 
information.  Whenever  ypu  have  an  musual 
problem  on  troubleshooting,  ask  your  chief  fo£ 
advice.  *  . 
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Figure  15-22.-Operator's  Report  of  Motor  Vehicle  Accident,  Standard  Form  91  (back). 


OPERATION  OF  AUTOMOTIVE  EQUIPMENT 


As  a  Construction  Mechanic  2  you  will  be  re- 
quired to  "operate  automotive  equipment...  to 
perform  maintenance,  repair,  and  overhaul 
tasks."  Only  by  operating  and  driving  a  vehicle 
will  you  be  able  to  check  conditions  such  as  en- 
gine knocks,  chassis  rattles,  transmission  and 
r§ar  end  noises,^  and  be  able  to  ROAD  TEST  new 
and  overhauled  vehicles.  / \ 
_  Driving  any  vehicle,  even  briefly,  requires 
a  Department  of  Defense  (DOD)  driving,  license; 
a  civilian  license  will  not  qualify  you  to  drive 
a  Navy  vehicle.  If  you  do  not  already  have  a 


DOD  license,  ,your  chief  will  instruct  you  how 
and  where"  to  apply  fOf  it  and  what  preparation 
is  necessary  to  pass*the  examination  required. 
You  do  not  want  to  have  occasion  to  use  a 
standard  Form  91,  Operator's  Report 'of  Motor 
Vehicle  Accident,  but  you  shoulcTbefahiiliar  with 
it— just  in  case.  This  form  must  be  carried  in 
'each  vehicle,  and  if  you  have^an  accident,  fill  it 
out  on  the  spot  or  as  promptly  thereafter  as  pos- 
sible. No  matter  how  small  the  accident,  ' and 
whether  or  not  there  is  any  apparent  injury  or 
property  damage,  this  form  must  be_filled  out. 
It  is  easily  prepared,  as  you  can  see  figure  15-21 
and  figure  15-22,  so  a  lengthy  explanation^  not 
necessary. 
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CHAPTER  8  - 

OXYACETYLENE  WELDING 


Oxyacetylene  welding  is  a  gas-weldj,pg process 
whefrein  coalescence  is  produced  by  fiefcting  with 
a  ga$  flame  or  flames  obtained  from  the  com- 
bustion of  acetylene  with  oxygen,  with  or  without 
.the  application,  of  pressure  and  , with  or  without, 
the  use  Qf  filler  metal.  The  two  gases  are  mixed 
to  correct  proportions  in  $t  torch.  The  torch 
can  be  adjusted  to, give  various  types  of  flames, 

A  properly  made  oxyacetylene  weld  is  uni- 
form in  appearance,  showing  a  •uniforml  deposit 
of  weld  metal.  Complete  fusion  of  the  side  walls 
is  necessary  in  order  to  form  a  good  joint. 
Some  of  the  factors  that  must  be  considered 
in  making  an  oxyacetylene  weld  are  edge  prep- 
aration, spacing  and  alignment  of  the  parts, 
temperature  control  (before,  during,  and  after 
the  welding  process) size  of  the  torch  -tip, 
size  .and  type  of  the  filler  rod,  flame  adjustment, 
and  rod  and  torch  manipulation.  In  some  cases, 
fluxes  are  required  to  removejDxide  and  slag 
from  the  molten  metal  and  to  protect  the  puddle 
from  contact  with  the  air. 

When  sections  of  plate  are  to  be  joined  by 
oxyacetylene  welding/  the  edges  of  the  plate 
at  the  joint  are  melted  down  uniformly  by  use 
of  the  torch.  For  welding  light  sheet  metal, 

filler'metal  is  not  usually  necessary;  the  edges  a£r  required  for  the  job  at  hand.  Information  on* 
of  iight  sheet  are  flanged  at  the  joint  and  melted^  safety  ftpptfrel  is  QOntained  in  chapter  7  of  this 


'     OXYACETYLENE  WELDING 
.   '  EQUIPMENT 

An  oxyacetylene*  welding  outfit,  as  commonly 
used,  consists  of  a  cylinder  of  acetylene,  a  cylinder 
of  oxygen,  two  regulacofs,  two  lengths  of  hose 
with  fittings,  and  a  iwelding  handle  with  tips. 
(See  fig.  8-1.)  The  oxyacetylene  outfit  also  is 
called  a  welding  rig. 

In  addition  to  the  basic  equipment  mentioned 
above,  numerous  kinds  of  auxiliary  equipment 
are  used  Jn  oxyacetylene  welding.  A  very  im- 
portant item  is  the  spark  ignifer  which  is  used 
to  light  the  torch  (see  view  A,\ig.  8-2).  Another 
item  you  will  use  a  lot  is  an  apparatus  wrench, 
the  same  or  similar  in  design  to  tbat  sho^  in 
view  B,  figure  8-2.  The  apparatus  wrenph  is 
sometimes  called  a  gang  wrench  because  it  will 
fit  all  the  connectipns  on  the  welding  rig.  Note 
that  the  wrench  illustrated  has  a  raised  opening 
in  the  handle  proper  which  serves  as  an  acetylene 
tank  key.  Other  commdn  ,  accessories  ° include 
tip  cleaners,  cylinder  trucks,  clamps,  and  holding 
jigs.  Safety  apparel,  such1  as  goggles,  hand- 
shields,  gloves,  leather  aprons,  sleeves  syjfi 
leggings,  also  is  essential  ancf  should  be  worn 


so  that  they  flow  together  to  form  one  solid 
piece.  In  welding  heavier  sheets  and  plates,  filler 
metals  are  reqiiired.  The  edges  \of  the  heavier 
plate  are  usually  beveled  to  permit  penetration 
to  the  base  of  the  joint.  Both  the  filler  metal  and 
the  base  metal'  are  melted;  as  they  solidify, 
they  form  one  continuous  piece. 

This  chapter  discusses  equipment  and  mate- 
rials used  in  oxyacetylene  welding.  Information 
is  given  on  the  operation  and  maintenance  of 


text.    ,  „ 

Oxyacetylene  welding  equipment  may  be  sta- 
tionary or  portable.  A  portable  oxyacetylene 
outfit,  such  as  that  shown  in  figure  8-1,  is  an 
advantage  where  it  is  necessary  that  the  equip- 
ment be  moved  around  from  one  job  to  another. 

To  carry  out  your  welding  duties  you  .must 
be  able  to  set  up  the  welding  equipment  and  make 
various   adjustments  required  to  perform  the 


oxyacetylene  equipment.  Coverage  includes  tech-  'operation  at  hand.  Thus,  it  is  important  that  you 
niques  gf  welding  and  safety  precautions  relating     understand  the  purpose  and  function  of  the^basic 


to  oxyacetylene  work.  A  brief  discussion  also  is 
presented  on  methylacetylene  propadiene(MAPP) 
gas,  Which  currently  is.  being  used  for  welding, 
as  well  as  other  operations,  in  the  SEABEES. 


pieces  of  equipment  that  make  up  the  welding 
outfit*  But  before  discussing  the  apparatus,  let 
us  look  at  the  gases  used  in  oxyacetylene  welding; 
namely,  acetylene  and  oxygen. 
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Figure  8-1 .  —  Portable  oxyacetylene  outfit. 

ACETYLENE 

Acetylene  is  a  flammable  fuel  g^s  made  up 
of  carbon  and  hydrogen.  Its  chemical  formula  is 
.  When  burned  with  oxygen,  acetylene  pro- 
duces a  very  hot  flame  having  a  temperature  be- 
tween 5700°  and  6300°  F.  Acetylene  is  a  colorless 
gas,  which  has  a  disagreeable,  odor  that  is 
easily  detected, i  even  when  the  jts' jgeatly 
"  aflutea  witfT  air.  When  a  portable  type  welding 
outfit  like  that  shown  in  Tigure  8-1  is  used, 
acetylene  is  obtained  directly  from  the  cylinder. 
In  the  case  of  stationary  equipment,  like  the 
acetylene  cylinder  bank  illustrated  in  figure  '8-3,' 
the  acetylene  dan  be  piped  to  a  number  of  welding 
stations. 

Whether  you  obtain  acetylene  from  a  single 
cylinder  or  from  a  stationary  type  cylinder  bank, 
acetylene  is  dissolved  in  acetone  (a  liqufd)  and 
compressed  in  a  cylinder  filled  with  some  porous 
material  such  -  as  balsa  wood,  charcoal,  finely 
shredded  asbestos, /iorn  pith,  portland  cement, 
^or  infusorial  earth.  These  porous  filler  mate- 
rials are  used  to  decrease  -the  size  of  the  open 
spaces '  in-  the  cylinder,  and  thus  reduce  the 
danger  of  explosion.  Pure  acetylene,  when  stored 


127.15 

Figure  8-2.  — (A)  Spark  igniter.  (B)  Apparatus 
wrench. 


in  the  free  state  under  a  pressure  of  29.4  pounds 
per  square  inch  (psi)  becomes  self-explosi^fe, 
and  a  slight  shock  is  likely  to  cause  It  to  explode. 
Dissolved  in  acetone,  however,  and  stored  in 
cylinders  that  are  filled  with  porous  material, 
it  cai^be  pgmpre^edJntoj5yUnd§rs  at  pressures 
up  to  275  psf.  An  acetylene  cylinder  is  shown 
in  figure  8r4.      J?  " 

To  find  the  artiount,  in  cuWc  feet,  of  acetylene 
in  a*  cylinder,  first  weigh  the  full  cylinder  and 
deduct  the  tare  (i.e.,  the  weight  stamped  on  the 
cylinder).  Then  multiply  the  difference  in  pounds 
by  14-1/2,  and  the  answer  is  the  cubic^feet 
of  acetylene  in  the  cylinder.  Incidentally,  the 
figure  14-1/2  is  used  because  compressed acety-" 
lene  is  rated  under  atmospheric  pressure  and 
normal  temperature  as  weighing  14rl/2  cubic 
feet  per  pound.  ,~ 

Acetylene  Generation 

While  part  of  your  supply  of  acetylene  may 
be  furnished  to  cylinders,  you  can  genet  ate  this 
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Figure  8-3.— Stationary  acetylene  cylinder  bank. 
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gas  by  using  a  generator  made  especially  for 
this  purpose.  There,  are  several  industrial  pro- 
cesses by  which  acetylene  may  be  produced. 
One  process  of  producing  acetylene  gas  is  by 
the  action  of  water  on  calcium  carbide."  In  this 
process,  acetylene  is  formed  by  combining  cal- 
cium carbide  and  water  in  the  acetylenagenerator. 
We  might  note  that  therej  are  three  main  types 
of  generators  — the  carbide-to-water,  water-to- 
carbide,  and  the  recession  type.  The  type  avail- 
able for  your  use,  however,  will  probably 
be  a  portable  carbide -to -water  type  of' 
jgeneratoiv  Seyerat^izes  jjf  these  gen^ators 
are  available.  TEe  amount  of^carbfde  used~aT 
one  time  may  range  from  25  to  300  lbs.  The 
gas  is  generated  at  pressures  from  1  psi  to 
a  maximum  of  15  psi,  depending  on  the  job  to 
be  done. 

For  most  oxyacetylene  •welding,  you  can  use 
a  portable  diaphragm,  feed  control  generator  like 
that  illustrated  in  figure  8-5.  The  main  parts 
of  this  unit  are  a  carbide  hopper,  water  chamber, 
and  flashback  arrester,  the  carbide  hopper  is 


made^of  heatproof  glass  so  you  can  see  how  much 
carbide  is  in,  the  hopper  at  any  time. 

The  diaphragm  feed  control  mechanism  con- 
sists of  a  rubber  diaphragm,  a  pressure  adjust- 
ment screw,  coihpression  spring,  and  a  locking 
lever,  all  located  in  the  top  of  the  hopper^The 
feed  rod  is  connected  to  the  feed  control  mech- 
anism by  a  flexible  joint  Ao  start  the  generator, 
lift  the  locking  lever  to  the  feed  'position.  This 
makes  the  spring  press  against  the  diaphragm, 
which  forces  the  feed  rod  down,  and  opens  the 
feed  valve  so  fehe  carbide  can  drop  into  the  water. 

AB  WlgasT:s~generatgdrit  pas^s  up  throtfgh" 
the  carbide  feed  opening  into  the  hopper.  When 
the  pressure  of  the  gas  on  the  diaphragm  builds 
up  enough  to  push  the  diaphragm  upward,  it 
causes  the  feed  rod  to  rise.  When  the  feed  rod 
rises  as  far  as  it  can,  it  closes  the  carbide 
feed  valve.  This  action  stops  the  flow  of  carbide. 
As  soon  as  the  gas  pressure  on  the  diaphragm 
drops,  the  spring  forces  the  feedroddown,  allow- 
ing the  carbide  to  drop  and,  begin  the  generation 
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•Acetylene  cylinder. 


of  gas  again.  This  whole  chain  of  action  re- 
peats  Itself  as  thp  gas  goes  up  into  the  carbide 
hopper.  To  set  the  flow  of  gas  at  the  pressure" 
needed,*  change  the  tension  on  spring  by  turning 
the  pressure  adjustment  screw. 

Precautions  for  Acetylene  Generation 

Under  normal  pressure  and  temperature,  if 
acetylene  jnixps  with  air tJt  only  needs^a  sparfc 
to  blow  up.  And  if  acetylene^  is  at  a  pressure 
over  30  psi,  it  doesn't  even  need  air  to  explode— 
Just  a  spark  will  do  it.  These  points  were  taken 
into  consideration  by  the  National  Board  of  Fire 
Underwriters,  when  the  organization  set  up  stand- 
ard rules  for  the  operation  and  maintenance  of 
all  types  of  acetylene  generators.  These  rules 
follow,  but  fie  sure  you  also  read  the  manu- 
facturer's instructions  for  the  particular  gener- 
ator you  use. 

1.  A  generator  must  not  be  used  within  10 
'  fee£  of  material  that  will  burn. 

2.  A  generator  must  always  be  upright,  with 
well-ventilated  free  space  around  it. 


LOCXMQ  IfVU 


nxn  nuo 


AGITATO* 


WATtt  uvn 


T 


T 


9 

ERIC 


158 


*  127.160 
Figure  8-5.  —  Portable  diaphragm  feed 
control  generator. 


3.  A  full  generator  should  not  be  moved 
by  crane  or  derrick. 

_  4#  To  ayoid  overfilling  a,  generator, ^water 
must  not  be  supplied  through  a  continuous  con- 
nection. 

5.  Water  in  a  generator  must  be  protected 
from  freezing  by  steam  or  hot  water. 

4 

'6.  Never  let  a  generator  put  out  more  acety- 
lene than  the  maximum  marked  on  it.  The  Under- 
writers* Laboratories  specify  1  cubic  foot  of  gas 
per  pound  of  carbide  per  hour.- 

7.  If  a  generator  is  used  inside  a  building, 
take  it  outside  before  you  start  charging  or  t 
cleaning  it.  >  _ 

8.  When  not  in  use,  a  generator  should  not 
be  stored  near  open  lights  or  fires,  UNLESS 
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you  have  checked  to  see 
empty  of  carbide  and  gas. 


that  it  is  entirely 


9.  Be  sure  to  check  the  water  seal  chamber 
in  the  flashback  arrester,  to  see  that  it  has  the 
proper  water  level. 


10 .  Check  all  relief  valves 
vork  freely  and  do  not  leak. 


to  see  that  they 


'11.  Dram  connections  must  not  be  continuous 
to  sewers,  but  through  open  connections  into  a 
properly  vented  outdoor  residue  pit, 

12.  If  a  generator  gets  hot  w6ile  operating, 
stop  the  feed  mechanism  and  let  the  generator 
cofcfcj^efore  you  look  for  the  trouble. 

13.  The  ratio  of  carbide  to  water  in  making 
acetylene  gas  is  1-to-l  (that  is,  1  pound  of  water 
for  each  pound  of  carbide).  Use  of  the  correct 
carbide-to- water  mixture  in  portable  acetylene 
generators  is  very  important  since  there  is 
the  possibility  of  an  explosion  if  incorrect  mix- 
tures or  proportions  are  used.  v.  „ 


V 

Oxygen  is  obtained  commercially  either  by 
the  liquid-air  process  or  by  the  electrolytic 
process.  In  the' liquid-air  process,  the  air  is 
compressed  and  then  cooled  to  a  point  where 
the  gases  become  liquid  (approximately  -375°  F). 
The  temperature  is  then  raised  to  above  -321°  F, 
at  which  point  the  nitrogen  in  the  air  becomes 
gas  again  and  is  removed.  When  the  temperature 
of  the  remaining  liquid  is  raised  to  -297°  F,  the 
oxygen  'forms  gas  and  is  taken  off.  The  oxygen 
is  then  further  purified  and  compressed  Into 
cylinders  for  use. 

The  other  process  by  which  oxygen  is  obtained, 
the  electrolytic  process,  consists  of  running  an 
electric  current  through  water  to  which  an  acid 
or  alkali  has  been  added.  The  oxygen  collects 
at  the  positive  terminal  and  is  passed  off  through 
pipes  to  a  container,,  ,  v 

When  supplied  for  use  in  oxyacetylene welding^ 
oxygen  is  contained  in  seamless  steel  cylinder^T^ 
A  typical  oxygen  cylinder  is  illustrated  in  figure 
8-6.  Oxygen  cylinders  are  made  in  several  sizes. 
You  will  probably  find,  however,  that  the  size 
most  generally  used  in  welding  and  cutting 


14.  Hot  repairs  should  not  be  made  in  a 
room  with  other  generators— make  repairs  out- 
side. 

i 

15.  When  charging,  repairing,  or  removing 
calcium  carbide,  keep  proper  water  level  to 
avoid  explosions  in  the  water  space. 

16.  Piping  to  c^rry  acetylene  may  be  above 
or  below  ground.  All  piping  must  be  run  as  directly 
as  possible. 

a.  Underground  piping  must  be  laid  below 
the  frost ^ine.  When  set  up,  it  must  be  thoroughly, 
blown  out  with  air  or  nitrogen  to  remove  all  dirt. 

b.  Outdoor  piping  must  be  painted  to  pro- 
tect it  from  rust. 

OXYGEN 

'  Oxygen  is  a-  colorless,  tasteless,  and  ordor- 
less  gas  that  is -slightly  heavier  than  air.  It  is 
nonflammable  but  will  support  combustion  with 
other  elements.  In  its  free  state  oxygen  is  one 
of  the  most  common  elements.  The  atmosphere 
is  made  up  of  approximately  21  parts  of  oxygen 
and  78  parts  of  nitrogen,  the  remainder  being 
rare  gases.  Rusting  of  ferrous  metals,  discolor- 
ation of  copper,  and  the  corrosion  of  aluminum 
are  all  due  to  the  action  of  atmospheric  oxygen. 
X*his  action  is  known  as  oxidation. 
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Figure  8-6.  —  Typical  oxygen  cylinder. 
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is  "the  220-cubic  foot  capacity  cylinder,  it  is 
9-1/8  inches  in  diameter  and  weighs  about  145 
pounds.  This  cylinder  is  charged  to  a  pressure 
of  2000  psi  at  a  room  temperature  of  63°  F# 
You  can  tell  the  amount  of  oxygen,  in  a  com- 
pressed-gas cylinder  by  reading  the  volume  scale* 
on  the  hfgh  pressure  gage  attached  to  the  regula- 
tor. 

IDENTIFICATION  OF  CYLINDERS 

Color  warnings  provide  an  effective  means 
for  marking  physical  hazards,  for  indicating  the 
location  of  safety  equipment,  and  for  identifying 
fire  and  other  protective  equipment.  You  will 
find  uniform  colors  used  for  marking  com- 


pressed-gas^ cylinders,  pipelines  carrying  haz- 
ardous materials,  and  fire  protection  equipment. 

Five  classes  of  material  have  been  selected 
to  represent  the  general  hazards  for  all  dangerous 
materials,  while  a  sixth  class  has  been  reserved 
for  fire  protection  equipment.  A  standard  color 
has  been  chosen  to  represent  each  of  these 
classes,  as  indicated  in  table  8-1. 

Since  you  will  often  work  with  acetylene  and 
^oxygen,  you  must  be  thoroughly  familiar  with  the 
^eqlors  of  the  cylinders  in  which  these  gases 
are  contained.  The  acetylene  cylinder  is  yellow, 
-  and  the  oxygen  cylinder  is  gr^en. 

In  addition  to  color  coding,  the  exact  identi- 
fication of  the  material  contained  in  a  com-  . 
puessed-gas  cylinder  must  be  indicated  by  a 
written  title,  which  should  appear  in  two  locations 
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Table  8-1.  —  Warning  Colors 


/. 


Class 


Standard  Color 


Class  of  Material 


Yellow,  No.  13655 


Brpwn,  No.  10080 


Blue,  No.  15102  , 

\  J  _  J  1 
Green,  No.  14260 

Gray,  No.  16187 

Red,  No.  11105 


FLAMMABLE  MATERIALS.  All  materials  known  ordinarily 
as  flamniables  or  combustibles.  Of  the  chromatic  colors, 
it  has  the  highest  coefficient  of  reflection  under  white  light 
and  can  be  recognizedunder  the  poorest  conditions  of  illumi- 
nation. 

TOXIC  AND  POISONOUS  MATERIALS.    All  materials  ex- 
-  tremely-hazardous~to-ltfe-or-heatth-under  normal-conditions-' 
as  toxics  or  poisons. 

ANESTHETICS  AND  HARM'FUL  MATERIALS.  All  materials 
productive  of  anesthetic' vapors  and  all  liquid  chemicals  and 
| compounds  hazardous  to  life  and  property  but  not  normally, 
-^productive  ofdangeiftus  quantities  'of  fum^s     vapors.-  :  ' 

OXIDIZING  MATERIALS.  All  materials  which  readily  furnish 
oxygen  for  combustion  and  fire  producers  whioh  react  ex- 
plosively or  with  the  evolution  of  h^at  in  contact  with  many 
other  materials.  - 

PHYSICALLY  DANGEROUS  MATERIALS.  All  materials, 
not  dangerous  in  themselves,  which  are  asphyxiating  in  con- 
fined areas  or  which  are  generally  handled  in  a  dangerous 
physical  state  of  pressure  or  temperature. 

FIRE  PROTECTION  MATERIALS.  All  materials  provided  in 
piping  systems  or  in  comptessed-gas  cylinders  exclusively 
for  use  in  fire  protection. 
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dtafoetrically  opposite  and  parallel  to  the  longi- 
tudinal axis  of  the  cylinder.  Cylinders  having  a 
background  color  of  yellow,  orange,  or  buff 
will  have  the  title  painted  black.  Cylinders  having 
a  '"background  color  of  red,  brown,,  black,  blue, 
gray,  or  green  will  have  the  title  painted  white. 

9  *  A  primary  color  warning  is  the  color  assigned 
to  the  class  of  material  into  which  a  materiaTis 
classified  in  accordance  with  its  primary  hazard 
from  the  safety  standpoint.  These  colors  appear 
as  main  body,  top,  or  band  colors  on  compressed- 
gas  cylinders. 

A  secondary  color  warning  is  the  color 
assigned  as  a  warning  of  a  secondary  hazard 
possessed  by  a  material  having  a  type  of  hazard 
distinctly  different  from  that  indicated  by  its 
primary  color  warning.  These  colors  also  appear 
main  body,  top,  or  band  colors  on  compressed- 
gas  cylinders. 

Two  decalcomanias,  abbreviated  "decals,* 
may  be  applied  on  the  shoulder  of  each  cylinder 
diametrically  opposite  at  right  angles  to  the  titles. 


They  should  indicate  the  name  of  the  gas,  pre- 
cautions for  handling,  and  use.  A  background 
color  corresponding  to  the  primary  color  warn- 
ing of  the  contents  should  be  used.     *  • 

Shatterproof  cylinders  must  be  stenciled  with 
the  phrase  "Non-Shaf  longitudinally  90°  from 
titles.  Letters  must  be  black  or  white  and 
approximately  1  inch  in  size. 

On  cylinders  owned  by  or  procured  for  the 
Department  of  Defense,  the  bottom  and  the  lower 
portion  of  the  cylinder  body  opposite  the  valve  j 
end  may  be  used  for  Service  ownership  titles.  J 

The  appearance  on  the  body,  top,  or  as  a  band(s)  J 
on  compressed-gas  cylinders  of  any  of  the  six/ 
coltfrs  in 'table  8-1  will  provide  a  warninepf 
danger  from  the  hazard  involved  in  handling  the 
type  of  material  contained  in  the  cylinder. 

Figure  8-7  shows  cylinders  most  commonly 
found  in  a  Construction  Battalion  or  in  a  Public 
Works  Department  where  SEABEE  personnel  will 
be  working.  For  complete  listing  of  compressed- 
gas  cylinders  refer  to  MIL-STD  101A,  "Color 
Code  for   Pipelines   and  for  Compressed-Gas 
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*  Cylinders, »  but,  in  so  doing  make  sure  you  have 
a  manual  with  the  latest  up-to-date  changes 
inserted,  as  changes  may  occur  in  the  manual, 
fe*  prescribed  by  the  Department  of  Defense, 
after  this  writing. 

Safety  precautions  applicable  to  the  handling, 
use,  and  stowage  of  compressed-gas  cylinders 
should  be  carefully  observed.  Some  of  the  safety 
precautions  to  be  observed  in  working  with  acety- 
lene and  oxygen  cylinders  are  given  later  in 
this  chapter, 

REGULATORS 

The  gas  pressure  in  a  cylinder  'must  be 
reduced  to  a  suitable  working  pressure  before 
it  can  be  used.  This  pressure  reduction  is 
accomplished  by  a  regulator  or  reducing  valve. 
Regulators  which  control  the  flow  of  gas  from 
the  cylinder  are  either  of  the  single-stage  or 
the  double-stage  type.  Single-stage  regulators 
reduce  the  pressure  of  the  gas  in  one  step, 
-  while  two-stage  regulators  perform  the  same 
work  in  two  steps  or  stages.  Generally,  less 
adjustment  is  necessary  when  two-stage  regu- 
lators are, used, 

■ .  Figure  8-8  shows  two  SINQLE-STAGE  reg- 
ulators—one for  acetylene  and  one  <for  oxygen. 
The  regulator  mechanism  consists,  of  a  nozzle 
through  which  the  high-pressure  gases  pass,  a 
valve  seat  to  close  off  the  nozzle,  a  diaphragm, 
and  balancing  springs,  Thqse  are  all  enclosed 
in  a  suitable  housing.  Pressure  gages  are  pro- 
vided Ja_  indicate_  the  pressure  in  the  cylinder 
or  pipeline  (inlet),   as  well  as  the  working 
pressure  (<JUtlet)#  The  inlet  pressure  gage,  used 
to  record  cylinder  pressures,  is  a  high-pressure 
gage,  ''while  the  outlet  pressure  gage,  used  to 
record  working  pressures,  is  a  low-pres£ure 
gage.  Acetylene  regulators  and  oxygen  regulators 
are  of  the  same  general  type,  although  those 
designed  for  acetylene  are  not  made  to  withstand 
—as.  high  ^res^es-^-are^those^esfgned  for' 
use  with  oxygen  cylinders. 

In  the  oxygen  regulator,  the  oxygen  enters 
the  regulator  through  the  high-pressure  inlet 
connection  and  passes  through  a  glass  wool  filter 
that  removes  dust  and  dirt.  Turning  the  adjust- 
,  ing  screw  IN  (to  the  right)  allows  the  oxygen 
to  pass  from  the  high-pressure  chamber  to  the 
low-pressure  chamber  of  the  regulator,  through 
the  regulator  outlet,  and  through  the  hose  to 
the  torch.  Turning  the  adjusting  screw  to  the 
right  INCREASES  the  working  pressure;  turning 
it  to  the  left  DECREASES  the  working  pressure. 
The  high-pressure  gage  is  graduated  in  pounds 


ACETYLENE  REGULATOR 
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Figure  8-8.  —  Single-stage  .regulator, 


per  square  inch  from  0  to  3000  and  in  cubic 
feet  from  0  to  220.  This  permits  reading  of  the 
gage  to^,  determine  cylinder  pressure  and  cubic 
oontenC  Gages  are  graduated  to  read  correctly 
at  70°F,  The  working,  pressure  gage  is  gradu- 
ated in  pounds  per  square  inch  from  Q  to  150 
or  less,  from  0  to  200,  or  from  0  to  400,  de- 
pending upon  the  purpose  for  which  'the  reg- 
ulator is  designed.  For  example,  on  regulators 
designed  for  heavy  cutting,  the  working  pressing 
gage  is  graduated,  in  .pounds  per  square  inch 
from  0  to  400. 
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The  TWO-STAGE  regulator  is  similar  in 
principle  to  the  one-stage  regulator,  the  chief 
difference' being  that  the  total  pressure  drop  , 
takes  place  in  two  steps  instead  of  one.  In  the 
^-pressure  stage,  the  cylinder  pressure  is 
reduced  to  an  intermediate  pressure.  In  the 
low-pressure  stage,  the  pressure  is  reduced 
the  intermediate  pressure  to  a  working 
pressure.  A  typical  two-stage  regulator  is  shown 
in  figure  8-9. 

WELDING  TORCHES 

The  oxyacetylene  welding  torch  mixes  oxy- 
een  and  acetylene  in  the  proper  proportions  and 
controls  the  amount  of  the  mixture  at  the  weld- 
tip  Torches  have  two  needle  valves -one 
adjusting  the  flow  of  oxygen  and  the  other 
adjusting  the  flow  of  acetylene.  Other  basic 
its  include  a  handle,  two  tubes  (one  for  oxygen 
A  another  for  acetylene),  a  mixing  head,  and 
L  On  some-  models -the  tubes  are  silver- 
tir/zed  to  the  head  and  the  rear  end  forgings, 
which  are  in  turn  fitted  into  the  handle.  Welding 
St  ar"  made  from  copper  and  are  available 
i,i  different  sizes  to  handle  a  wide  range  of 
date  thicknesses. 


There  are  two  general  types  of  welding 
torches -a  low-pressure  type  and  a  medium- 
pressure  type.  In  the  low-pressure  torch,  also 
known  as  an  injector  type  torch,  acetylene  pres- 
sure pet  square  inch  is  kept  at  about  1  pound 
The  oxyeen  pressure  ranges  from  about  10  to 
40  pSE.  according  to  the  size  pf  the  torch 
tin  A  jet  of  relatively  high  pressure  oxygen 
produces  the  suction  necessary  to  dr  aw  the :  acety- 
lene into  the  mixing  head.  The  welding  tips  may 
or  may  not  have  separate  injectors  in  the  tip. 
A  Spical  mixing  head  for  the  low-pressure 
(or  injector-type)  torch  is  shown  in  figure  8-10. 

Medium -pressure  torches  are  sometimes 
called  balanced -pressure  or  equal -pressure 
types,  since  the  acetylene  and  the  oxygen  pres- 
sure are  kept  equal.  Pressure  per  square >  nch 
may  be  from  1  to  6  or  8  pounds;  acetylene 
£essu?e  must  never  be  allowed  to  go  above 
15  psi.  A  typical  equal-pressure  general-pur- 
pose torch  is  illustrated  in  ^^f-U'  The 
medium-pressure  torch  is  easier  to  adjust  than 
Klow-Jressure  torch  and,  since  equal  pres- 
sures are  used  for  each  torch,  you  are  less 
Sfely  to  get  (a  flashback.  This  means  tiiat  toe 
name  is  less  likely  to  catch  in  or  behind  the 
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Figure  8-iO.  —  Mixing  head  for  low  pressure  torch. 
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Figure  8-11.— Equal-pressure  welding  torch/ 
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mixing  chamber;  more  details  on  flashback  arc 
giVen  later  in  this  chapter. 

Welding  TIPS  and  MIXERS  are  designed  in 
several  ways,  depending  on  the  manufacturer. 
So/ne  makes  of  torches  have  a  separate  mixing 
head  or  mixer  for  each  size  of  tip.  Other  makes 
have  only  one  mixer  for  several  tip  sizes. 
Tips  come  in  various  types.  Some  are  one- 
piece,  hard  copper  tips.  Others  are  two-piece 
tips  and  include  an  extension  tube  to  make 
connection  between  the  tip  and  the  mixing  head. 
When  used  with  an  extension  tube,  removable 
tips  are  made  of  hard  copper,  brass,  or  bronze. 
Tip  sizes  are  designated  by  numbers,  and  each 
manufacturer  has  his  own  arrangement  for  class- 
ifying them.  Tip  sizes  differ  in  the  diameter 
of  the  hole  to  obtain  the  correct  volume  of 
heat  for  the  work  to  be  done. 

HOSE 

Hose  used  to  make  connection  between  the 
torch  and  the  regulators  is  strong,  nonporous, 
and  sufficiently  flexible  ai>d  light  to  make  torch 
movements  easy.  It  is  made  to  withstand  high 
internal  pressures,  and  the  rubber  used  in  its 
manufacture  is  specially  treated  to  remove  sul- 
phur to  avoid  the  danger  of  spontaneous  com- 
bustion. Welding  hose  comes  in  various  sizes, 
depending  upon  the  size  of  work  for  which  it  is 
intended.  Hose  used  for  light  work  is  3/16  or  1/4 
inch  inside  diameter,  and  it  has  one  or  two 
plies  of  fabric.  For  heavy  duty  welding  and  cutting 
operations,  hose,  with  an  inside  diameter  of  5/16 
inch  and  3  to  5  plies  of  fabric  is  used.  Single 
hose  comes  in  lengths  of  12-1/2  feet  to  25  feet. 
Some  manufacturers  make  a  double  hose  which 
conforms  to  the  same  general  specifications.  The 
hoses  used  for  acetylene  and  oxygen  are  the 
same  in  grade  but  they  differ  in  color.  Oxygen 
hose  is  GREEN,  acetylene  hose  is  RED. 

^  Q^UTION:  Use  no  oil,  grease,  or  any  other 
lubric ant  brT  Welding  (or  Gutting)  apparatus.  Oil 
or  grease  in  the  presence  of  oxygen  under  pres- 
sure will  ignite  violently! 


FILLER  RODS 

The  term  filler  rod  refers  to  a  filler  metal, 
in  wire  or  rod  form,  used  in  gas  welding  and 
brazing  processes  anc^  in  certain  electric  weld- 
ing processes  in  which  the  filler  metal  is  not 
a  part  of  the  electric  circuit.  A  filler  rod  serves 
only  one  purpose:  it  supplies  filler  metal  to 
the  joint. 


'  Filler  rods  foi  steel^are  often  copper,  coated 
to  protect  them  from  corrosion  during  storage. 
Most  rods  are  furnished  in  36-inch  lengths  and 
a  wide  variety  of  diameters,  rgj^Kig  from  1/32*" 
to  3/8  inch.  Rods  foi^  welding  cast  iron  vary 
from  12  to  24  inches  in  length  and  are  frequently 
square  rather  thjm  round  in  cross  section.  The 
rod  diameter  selected  for  a  given  job  is  governed 
by   the   thickness  of  the  metals  being  joiried. 

Except  for  rod  diameter,  the  filler  rod  selected 
is  deter  mined  J^y  specification  on  the  basis  of 
the  metals  being  joined.  These  specificatiorts 
may  be  Federal,  Military,  or  Navy  specifications. 
This  means  that  they  ap£ly  to  all  Federal  agencies, 
the  Military  Establishment,  or  the  Navy,  respec- 
tively. Filler  metals  are  presently  covered  by 
one  or  more  of  these  three  types  of  specifications. 
Eventually,  all  Navy  specifications  will  be  re- 
written &  Military  (MIL)  specifications.  For 
that  reason,  soma  of  the  specifications  for  weld- 
ing materials  presented  in  this  section  may 
subsequently  be  published  as  Military  rather 
than  £Tavy  specifications. 

Many  different  types  of  rods  are  manufac- 
tured for  welding  ferrous  and  nonferrous  metals. 
In  general,  welding  shops  stock  only  a  few  basic 
types  which  are  suitable  for  use  in  all  welding 
positions.  These  basic  types  are  known  as  gen- 
eral purpose  icds.  One  such  general  purpose 
rod  that  will  be  found  in  any  Navy  welding 
shop  is  a  lod  suitable  for  oxyacetylene  weld- 
ing of  low  carbon  steel;*  this  is  covered  by 
specification  ^IIL-R-90,8,  class  I,  type  A.  The 
same  specification  covers  filler  rods  for  use 
on  cast  iron;  in  this  case,  however,  a  class  II 
rod  is  used. 

Rods  for  gas  Welding  on  other  common  mate- 
rials are  covered  by  other  specifications.  As 
of  the  time  of  writing  of  this  training  manual, 
the  following  specifications  apply:  copper-base 
alloys,  MIL-Rrl9631;  corrosion-resisting  and 
heat -resisting"'  steel,  MIL -R- 5031,  class  5f 
nickel-base  alloys,  including  Monel,  QQ-R-571; 
and  nickel -chromium -iron  alloys,  N:46-R-5. 
Chromium •? cobalt  rods  for  hard- surfacing  with 
the  oxyacetylene'  flame  (a  special  gas  welding 
application)  are  covered  by  specification  MIL- 
R-17131. 


OPERATION  AND  MAINTENANCE  OF 
OXYACETYLENE  .EQUIPMENT 

This  section  discusses  basic  procedures  in- 
volved in  setting  up  oxyacetylene  equigment,  light- 
ing off  and  adjusting  the  flame,  and  securing 
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equipment.  Information  also  is  provided  on  the 
maintenance  of  oxyacetylene  welding  equipment. 

SETTING  UP  THE  EQUIPMENT 

Setting  up  the  oxyacetylene  equipment  and 
preparing  for  welding  must  be  done  carefully 
and  systematically  to  avoid  costly  mistakes. 
To  ensure  your  own  safety,  as  well  as  that  of 
your  co-wprkers  and  of  equipment,  make  sure 
the  following  steps  are  tflken  before  any  attempt 
is  made  to  light  the  torch. 

1.  Secure  the  cylinders  so  that  they  cannot 
be  knocked  over  or  upset  accidentally.  A  good 
way  to  do  this  is  to  either  put  them  in  a  corner 
or  next  to  a  vertical  column  and  then  secure  them 
with  a  piece  of  line.  After  securing  the  cylinders, 
remove  the  protecting  caps.  Cylinders  should 
never  be  secured  to  a  metal  structural  member 
of  a  building  that  is  a  conductor  of  current. 

2.  Crack  each  cylinder  valve  slightly,  being 
careful  to  stand  to  one  side  when  you  do  so 
and  then  almost  immediately  close  the  valve 
again.  Do  not  bleed  acetylene  into  the  work- 
space, where  it  may  become  ignited.  This  instant 
of  opening  should  be  enough  to  blow  the  valve 
out  clean.  Close  the  valves  and  wipe  the  con- 
nection with  a  clean  cloth. 

3.  Connect  the  acetylene  pressure  regulator 
to  the  acetylene  cylinder,,  and  the  oxygen  pres- 
sure regulator  to  the  oxygen  cylinder.  Using  the 
wrench  provided  with  the  equipment,  snug  the 
connection  nuts  sufficiently  to  avoid  leaks. 

4.  Back  off  the  regulator  screws  to  prevent 
damdge  -to  £he  regulators  and  gages.  Open  the 
cylinder  valves  slowly;  open  the  acetylene  valve 
only  one-half  turn  but  open  the  oxygen  valve 
all  the  way.  You  may  u^e  a  handwheel  to  open 
the  acetylene  Valve.  In  the  absence  of  a  hand- 
wheel,  use  the  wrench  provided.  Leave  the 
wrench  in  place  while  the  cylinder  is  in  use 
so  that  the  acetylene  can  be  turned  off  quickly 
in  an  emergency.  Read  the  high  pressure  gage 
to  check  the  contents  in  each  cylinder.  ,  ' 

5.  Connect  the  RED  hose  to  the  acetylene 
regulator,  and  the  GREEN  hose  to  the  oxygen 
regulator.  Notice  the  left-hand  threads  or\  the 
acetylene  connection. 

6.  To  blow  out  the  oxygen  hose,  turn  in  the 
regulator  screw;  then  turn  the  screw  back  out 


again.  If  necesSjary  to  blow  out  the  acetylene 
hose,  do  it  ONLY  in  a  wfll  ventilated  place 
FREE  FROM  SPARKS,  FLAMES,  or  other  pos- 
sible sources  of  ignition. 

7.  Connect  the  hoses  t*  the  handle.  The  RED 
(acetylene)  hose  is  connected  to  the  connection 
gland  with  the  needle  valve  marked  AC.  The 
GREEN  (oxygen)  hose  is/connected  to  the  con- 
nection gland  with  the  ntedle  valve  marked  OX.. 

8.  With  the  needle  valves  closed,  turn  IN 
both  regulator  screws*  to  test  the  hose  con- 
nections for  leaks.  Turn  OUT  the  regulator 
screws  and  drain  the  hose  by  opening  the  needle 
valves. 

9.  Select  the  correct  tip  and  mixing  head 
(for  mixing  the  acetylene  and  oxygen),  and  assem- 
ble them  into  the  t<Jrch  body.  Tighten  the  assem- 
bly by  hand,  and  tpen  adjust  to  the  proper  angle. 
When  the  desired  adjustment  has  been  obtained, 
tighten  the  tip  the  proper  amount.  On  some  types 
of  equipment  the  ftp  is  tightened  with  a  wrench, 
while  on  other  types  only  hand-tightening  of  the 
tip  is  required. 

10.  Adjust  the  forking  pressures.  The  acety-  % 
lene  pressure  is  Adjusted  by  opening  the  acety- 
lene torch  needle  valve  and  turning  the  regulator  • 
screw  to  the  right.)  Adjust  the  acetylene  regulator 
to  the  working  pressure  needed  for  the  particular 
tip  size,  and  close  the  torch  needle  valve.  To 
adjust  the  oxygen  working  pressure,  open  the 
oxygen  torch  needle  valve  and  proceed  in  the  same 
manner  as  in  adjusting  the  acetylene  pressure. 

LIGHTING  OFF  AND 
ADJUSTING  FLAME  , 

Use  proper  Care  in  lighting  the  torch.  In 
lighting  the  torch  and  adjusting  the  flame  always 
follow  the  manufacturer's  directions  for  the 
particular  model  of  torch  "toeing  used.  This  is 
necessary  because  the  procedure  varies  some- 
what with  different  types  of  torches  and,  in 
some  cases,  even  with  .different  models  made 
by  a  single  manufacturer. 

In  general,  the  procedure  followed  in  lighting 
a  torch  is  to  first  open  the  torch  oxygen  needle 
valve  a  small  amount,  and  the  torch  acetylene 
needle  valve  all  the  way  or  somewhat  more  than 
the  oxygen  valve,  depending  upon  the  type  of  torch. 
The  mixture  of  oxygen  and  acetylene  issuingfroih 
the  tip  is  then  lighted  by  means  of  a  spark  igniter 
or  stationary  pilot  flame. 
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.  CALTIuN:  NEVER  use  ^matches  to  light  the 
torch;  their  length  requires  bringing  the  hand 
too  close  to  the  •  tip.  Accumulated  gas  i^iay 
envelop  the  hand  and,  upon  igniting,  result  in 
a  severe  burn.  Also,  never  light  the  torch 
from  hot  metal. 

•After  checking  the  acetylene  pressure  adjust- 
ment, the  oxy acetylene  flame  can  be  adjusted  so 
as  to  have  the  desired  characteristics  for  the 
work  at  hand  by  further  manipulating  the  oxygen 
and  acetylene  needle  valves,  according  to  the  torch 
manufacturer's  direction. 

There  are.  three  types  of  flame  commonly 
used  for  oxyacetylene  processes;  neutral,  car- 
burizing  or  reducing,  and  oxidizing.  To  ensure 
proper  flame  adjustment,  you  should  know  the 
characteristics  of  each  of  these  three  types  of 
flame. 

Figure  s-12  illustrates,  in  color,  the  appear- 
ance of  the  flame  at  the  tip  of  the  torch  at  different 
temperatuies,  and  with  different  ratios  of  oxygen 
to  •  acetylene.  This  illustration  will  serve  as  a 
guide  in  determining  what  type  of  flame  you  are 
obtaining. 

A  pure  acetylene  flame  has  a  yellowish  color, 
and  is  long  and  bushy,  as  shown  in  figure  8-12. 
It  takes  the  oxygen  which  it  needs  for  combustion 
from  the  surrounding  air.  The  oxygen  thus 
available  is  not  sufficient  to  completely  burn 
the  acetylene,  and  the  Smoky  flame  which  results 
deposits  a  soot'of  fine,  unburned  carbon.  Such 
a  flame  is  NOT  suitable  for  use.  You  will  have 
to  increase  the  amount  of  oxygen  by  opening 
the  oxygen  needle  valve  until  the  flame  takes 
on  a  blusih-white  color,  with  a  bright  inner 
cone  surrounded  by  a  flame  envelope  of  darker 
hue.  It  is  the  inner  cone  that  develops  the  re- 
quired operating  temperature. 

The  NEUTRAL  flame  is  produced  when  equal 
amounts  of  oxygen  and  acetylene  are  used.  To- 
gether with  the  oxygen  in  the  air,  this  50-50 
ratio  provides  for  complete  combustion  of  the 
two  gases.  A  neutral  flame  is  obtained  by  gradually 
opehing  the  oxygen  valve  to  shorten  the  acetylene 
flame  until  a  w.ell-defyietf,  inneir  lum^o^s,  whi^e 
cone  is  visible;  there  is  no  greenish  tinge  of 
acetylene  at#  the  tip  and  no  excess  of  oxygen. 

At  the  tip  of  the  inner  cone  the  temperature 
will  be  about  5850°  F,  but  only  about  2300°  F* 
at  the  extreme  end  of  the  outer  cone.  This  wide 
variation  in  temperature  makes  it  possible  for 
1  the  weldor  to  exercise  a  certain  amount  of 
temperature  control  simply, by  moving  the  torch 
closer  to  or  farther  away  from  the  work. 

A  neutral  flame  is  the  correct  flame  to  use 
for  many  metals.  It  is  used  for  most  welding 


and  for  the  preheating  flames  during  cutting 
operations.  When  steel  is  welded  with  this  flame, 
the  puddte  of  molten  metal  is  quiet  and  clear, 
and  the  metal  flows  without  boiling,  foaming, 
or  sparking.  •  The  welding  flame  should  always 
be  adjusted  to  neutral  before  either  the  oxidizing 
or  caAurizing  flame  mixture  is  set. 

The  CARBURIZING,  or  REDUCING,  flame  is 
produced  by  burning  an  excess  of  acetylene.  The 
carburizing  flame  always  shows  distinct  colors; 
the  inner  cone  is  bluish-white,  the  intermediate 
cone  is  white,  the  outer  envelope  flanie  is  light 
blue,  and  the  feather  at  the  tip  of  the  inner  cone 
is  greenish.  The  length  of  the  feather  can  be  used 
as  a  basis  for  judging  the  degree  of  carburiza- 
tion;  for  most  welding  operations,  the  feather 
should  be.  about  twice  the  length  of  the  inner  cone. 
The  temperature  at  the  tip  of  the  inner  cone  is 
about  5700°  F.  When  it  is  used  for  welding  steel, 
the  metal  boils'  and  is  not  clear.  A  carburizing 
flame  is  best  for  welding  high  carbon  steels, 
for  hard-surfacing,  and  for  welding  nonferrous 
alloys  such  as  Monel. 

The  OXIDIZING  flame  is  proettfeed  by  burning 
about  twice  as  much  oxygen  as  acetylene.  You 
can  identify  this  flame  by  the  short  outer  flame 
and  the  small  white,  inner  cone.  It  takes  about  v 
two  parts  of  oxygen  to  one  part  of  acetylene  to  \ 
produce  this  flame;  this  means  that  adjusting  for 
it  is  mo^e  difficult  than  for  the  other  flames. 
After  you  have  obtained  a  neutral  flame,  open 
the  oxygen  valve  until  the  inner  cone  is  only 
about  1/10  Of  its  original,  lenth.  Figure  8-12 
illustrates  how  short  this  cone  must  be  in 
relation  to  the  overall  flame.  The  inner  cone 

<is  somewhat  pointed  and  purplish  in  color  at 
the  tip.  The  flame  burns  with  a  hissing  sound. 
The  oxidizing  flame  has  a  limited  use  and 

•is  harmful  to  many  metals.  When  it  is  applied 
to  steel,  the  oxidizing  flame  causes  the  molten 
metal  to  foam  and  give  off  sparks.  This  means 
that  the  extra  amount  of  oxygen  is  combining 
with  the  steel,  causing  the  metal  to  burn.  How- 
ever,  the  oxidizing  flame  does  have  its  use. 

*  A  slightly-  oxidizing  flame  is  used  to  torch  , 
braze  steel  and  cast  iron,  and  stronger  oxidizing 
flame  is  used  for  fusion  welding  of  brass  and 
bronze.  You  will  have  to  determine  the  amount 
of  excess  oxygen  to  use  in  this  type  of  flame 
adjustment  by  watching  the  molten  metal. 

SECURING  EQUIPMENT 

To  extinguish  the  oxyacetylene  flame  and  to 
secure  equipment   after  completing  a  job,  or 
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Acetylene  burning  (n  air.  1 ,500°  F. 


Strongly  Corburizing  Flcfme.   5,700°  F. 


Slight  Excess  Acetylene  Flame.   5,800°  F. 


Neutral  Flame,   5,850*  F. 


Courtesy  Air  Reduction  Sales  Co, 


Oxidizing  Flame.   6,300°  F. 


t  C11.102.0X 
Figure  8-12.  — Characteristics  of  oxyacetylene  flame. 


when  work  is  to  be  interrupted  temporarily, 
take  the  following  steps: 

1.  Close  the  acetylene  needle  valve  first, 
then  close  the  oxygen  needle  valve.  This  ex- 
tinguishes the  flame* 

2.  Close  both  oxygen  and  acetylene  cylinder 
valvjes.  Leave  the  oxygen  and  acetylene  regu- 
lators open  temporarily.  m 


3.  Open  the  acetylene  needle  valve  on  the 
torch  and  allow  gas  in  the  hose  to  escape  (5-15 
seconds)  to  the  outside  atmosphere.  Do  not  allow 
gas  to  escape  into  a  small  or  closed  compart- 
ment. Close  the  acetylene  needle  valve*, 

4.  Open  the  oxygen  needle  valve  on  the  torch 
and  allow  gas  in  the  hose  to  escape  (5-15  seconds). 
Close  the  valve. 
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5.  Close  both  oxygen  and  acetylene  cylinder 
regulators  by  backing  out  the  adjusting  screws 
untiltthey  are  loose. 

Follow  the  above  procedure  wtienevef*  work 
is  interrupted  for  an  indefinite  period.  If  work 
is  to  stop  for  only  a  f^  minutes,  securing 
ylinder  valves  and  draining  the  hose  is  not 
necessary*  However,  for  any  indefinite  woi;k 
stoppage v  follow  the  entire  extinguishing  and 
securing  procedure.  For  overnight  work  stop- 
page in  areas  other  than  the  shop,  it  is  safer  to 
remove  pressure  regulators  and  torch  from  the 
system.  Double  check  the  cylinder  valves  to 
make  sure  they  are  closed  securely, 
t 

MAINTENANCE  OF  EQUIPMENT 

Welding  equipment  must  be  given  tfce  proper 
Maintenance  and  upkeep  if  it  is  to  operate  ^at 
peak  efficiency  and  give  useful  service  over  a 
maximilm  period  of  time.  You  will  not  be  re- 
quired to  make  repairs  to  welding  equipment; 
^  but  when  repairs  axe  needed,  consider  it  your 
responsibility  to  see  that  the  equipment  is  re- 
moved .from  service  and  turned  in  for  repair. 
You  will,  of  course,  be  responsible  for  various 
duties  involving  the  maintenance  and  care  of 
oxyacejkylene  welding  equipment.  This  section  will 
brief  you  on  some  of, the  common  types  of 
maintenance  duties  that  you  can  expect  to  per- 
form. 

In  regard  to  welding  torches,  see  that  they 
are  kept  away  from  oil  and  grease.  At  times 
the  needle  valve  may  fail  to  shut  off  when  hand 
tighteneaun  the  usual  manner.  When  this  happens, 
do  not  use  a  French  to  tighten  the  seat  in  the 
.valve  stem.  If  foreign  matter  cannot  be  blown 
off  the  seat,  it  will  be  necessary  to  remove 
the  stem  assembly  and  wipe  the  seat  clean  before 
reassembling.  Be  sure  and  keep  the  mixer  seat 
^  free  of  dust,  dirt,  and  other  foreign  matter. 

Before  a  new  torch  is  used  for  the  first  time, 
>     it  is  a  good  idea  to  check  the  packing  nut  on  the 
valves  to  make  sure  it  is  tight.  The  reason 
is  that  some  manufacturers  sjhip  torches  with 
these  nuts  loose,  * 

A  common  trouble  with  torches  in  oxy acety- 
lene welding  is  that  the  orifice  in  the  torch  tip 
becomes  clogged  with  slag  and  the  flame  fails 
to  burn  properly.  The  remedy  for  clogging  is 
to  clean  the  orifices  thoroughly.  Clogging  often 
is  caused  by  holding  the  tiR  too  close  to  the 
surface  of  the  metal  when  starting  a  cut.  When  ' 
this  practice  is  followed,  the  blowing  action 
of  the  oxygen  Mastoids  to  bounce  the  molten  . 


metal  and  slag  from  the  cut  back  up  to  the  torch1' 
tip,  thus  causing  the  orifices  to  become  clogged. 
It  is  wise  to  always  inspect  the  tip  before  using;' 
and,  if  the  orifice  is  clc%ged,  clean  it  thoroughly  , 
before  starting  to  weld. 

For  best  results  in  cleaning  the  orifice  of' the 
welding  tip  use  a  twist  drill  of  the  proper  size,* 
or  a  soft  brass  or  copper  wire.  A, cleaning  drill 
about  one  size  smaller  than  the  tip^  orifice  ;s 
an  ideal  selection  when  this  tool  is  to  be  used 
for  the  cleaning  operation.  Give  special  atten- 
tion .to  drill  size  to  avoid  enlarging  the  orifice. 
When  using  the  tip  cleaner,  remember  to  push 
it  straight  in  and  out  of  the  hole  — DO.  NOT 
rotate  it, 

*  * 

Should  the  end  of  the  torch  tip  become  rough 
and  pitted  and  the  orifice' become  oversized 
(bell-mouthed),  you  should  recondition  the  tip,' 
Place  a  piece  of  emery  cloth,  grit  side  up, 
on  a,  flat  surface;  iold  the  tip  perpendicular 
to  the  emery  cloth,  and  rub  'it  back  and  forth 
just  enough  to  true  the  surface  and  to  bring 
the  orifice  back  to  its  original  diameter. 

If  there  is  leakage  around  the  TORCH  \  ALVE 
STEM,  tighten  the  packing'  nut,  and  repack  if 
necessary.  For  repacking, ,  make  sure  you  use 
only  paclcing  recommended  by  the  manufacturer' 
of  the  torch  concerned,  DO  NOT  USE,  ANY  OIL, 
If  the  valve  stem  happens  to  be  bent  or'badly 
worn,  replace  it  with  a  new  stem, 
'  A  symptom  of  LEAKY  VALVES  is  a  con- 
tinuing flow  of  gases  after  the  valve^  are  closed. 
Leaky  valves  often  are  caused  by  a  dirty  or 
damaged  seat.  To  clean  the  seat,  remove,  the 
valve  assembly  and  wipe  the  seating  portion^  of 
both  valve  stem  and  valve  body  with  a  clean  rag. 
If  the  leak  continues,  try  closing  the  valve 
tightly  several4  times.  If  these  fneasures  fail 
to  stop  the  lekk,  parts  may  have  to*  be  replaced 
or  the  valve  body  may  have  to  be  resetted; 
these  repairs  should  be  made  only  by  qualified 
personnel.  ■  • 


Leaks  in  the  MIXING-HEAD  SEAT  of  the  torch 
will  cause  oxygen  and  acetylene  leaks  between 
the  inle.t  orifices  leading  to  the  mixing-head.  This 
defeat  foay  cause  improper^  mixing  of  the  gases; 
and  result  in  flashbacks.  This  defect  can  be 
corrected  by  reaming  out  the  seat  ip  the  torch 
head  and  by  truing  the  mixing-head  seat.  It 
may  be  necessary  to  send  the  equipment  to  the 
manufacty^r  for  these  repairs,  since  special 
reamers  are  required  for  truing  seats. 

With  regulators,  ypu  will  probably  find  that 
gas  leakage  between  the  REGULATOR  SEAT  and 
NpzZLE  is  a  common  type  of  trouble.  This 
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defect  can  be  detected  by  £  gradual  rise  in  pres- 
sure on  the, working-pressure  gage  when  the  ad- 
justing screw  is  fully  released  or  is  in  position 
after  adjustmsnt.  Frequently,  this  trouble,  known 
as 'CREEPING  REGULATOR,  is  caused  by  worn 
or*  cracked  seats.  It  also  can  be  brought  'on  by 
foreign  matter  lodged  between  the  seat  and  the 
nozzle,'  It  is  important  that  regulators  with  leaks 
across  the  seats  be  repaired  at  once;  other- 


wise damage  to  -other  parts  of  the  regulttor-cr- 


apparatus  may  result*  This  is  particularly  dan- 
gerous where  acetylene  regulator s  'are  concerned, 
because  acetylene  at  a  very  high  pressure  in 
the  hose  becomes  an  explosive  hazard.  To  ensure 
the  safety  of  personnel  and  equipment,  see  that 
regulators  with  such  leaks  are  removed  from 
service  and  turned  in  for  repair. 


OXY ACETYLENE  WELDING 
TECHNIQUES 

0?y  acetylene  welding  may  be  accomplished  by 
either  the  forehand  or  the  backhand  method. 
Each  of  ttofee  techniques  has  special  advantages; 
you  shot®  be  skillful  With  both.  Whether  a 
technique  is  considered  to  be  forehand  or  back* 
hand  depends  on  the  relative  position  of  the 
torch  and  rod  during  welding,  not  upon  the 
""direction  of  welding.  As  far  as  direction  is 
concerned,  you  can  weld  from  left  to  right  or 
in  the  opposite  direction.  The  best  method  to 
use  depends  upon  "the  type  of  joint,' its  position, 
and  the  necessity  for  controlling  the  heat  on 
the  parts  to  be  welded. 

FOREHAND  WELDING  — sometimes  referred 
to  as-PUDDLg  welding  Or  RIPPLE  welding— is 
the  older  method  still  in  use.  (See  fig.  8-13.) 
The  rod  is  kept  ahead  of  the  flame. in  the  direc- 
tion in  which  the  weld  is  being  made.  You 
point  the  flame  in  the  direction  of  the  welding, 
and  hold  the  tip  at  an  angle  of  about  45^ degrees 
to*  the  working  surfaces.  With  your  other  hand, 
move  the  rod  in  the  same  .direction  as  the  tip. 
You  can  melt  the  end  of  the  rod  and  the  weld 
surfaces  into  a  uniformly  distributed  molten 
puddle  if  you  move  the  torch  .tip  and  the  rod  in 
opposite  semicircular  paths.  The  flame  pre- 
heats the  edges  you  are  welding,  just  ahead  of 
the  molten  puddle;  and  as  it  passes  the  rod,  it 
melts  a  short  length  of  that,  and  adds  it  to  the 
puddle.  You  will  have  to  practice  with  the  torch 
until  you  are  able  to  distribute  the  molten  metal 
evenly  to  the  puddle  and  along  both  edges  of  the 
joint.  This  method  is  used  in  all  positions  for 
welding  sheets  and  light  plates  up  to*  1/8  inch' 
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Figure  8-13.  — Forehand  welding. 


thick  because  it  permits  better  control  of  a  small 
puddle  and  results  in  a  smoother  weld.  Tiigjore- 
hand  technique  is  not  the  best  method  for  welding 
heavy  plate. 

BACKHAND  WELDING  is  a  newer  method 
of  welding.  In  this  method  the  flame  precedes 
Jhe  rod  in  the  direction  of  welding,  and  the' 
flame  is  ppintecl  back  at  the  molten  puddle  and 
the  completed  weld.  The  end  of  the  rod  is  placed 
between  thk  torch  tip  and  the  molten  puddle, 
and  the  welding  tip  should  make  an  angle  of 
about  60°  with  the  plates  or  joint  being  welded 
*(see  fig.  8-14). 

Less  motion  is  required  in  the  backhand 
method  than  in  the  forehand  method.  If  you  use 
a  straight  welding  rod,  it  should  be  rotated  so 
that  the  end  will  roll  from  side  to  side  and 
melt  off  evenly.  You  may  also  bend  the  rod 
and,  when  welding,  move  the  rod  and  torch 
backand  forth  at  a  rather  rapid  rate.  If  you 
are  making  a  large  weld,  you  should  move  the 
t6d  so  as  to  make  complete  circles  in  the 
molten  puddle.  The  torch  is  moved  back  and 
forth  across  the  weld  while  it  is  advanced 
slowly  and  uniformly  in  the  direction  of  the 
welding.  You'll  findf  the  backhand  method  best 
for  welding  Aiaterial  more  than  1/8  inch  thick. 
You  can  use  a  narrower  V  at^the  joint  than  is 
possible  in  forehand  welding.  An  included  angle 
of  60°*  is  a  sufficient  angle  of  bevel  to  get  a 
good  joint.  It  doesn't  take  as  much  welding  rod 
or  puddling  for  the  backhand  method  as  it  does 
for  the  forehand  method. 
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CHAPTER  9 

OXYACETYLENE  CUTTING 


The  construction  of  the  oxy acetylene  cutting 
torch  is  discussed  in  this  chapter.  The  procedures 
used  in  various  oxy  acetylene  cutting  operations 
also  are  explained. 

'  t  hag  a  number 


The  oxyacctylono  cutting  torch 


should  be  sufficient  for  preheating  the  metal; 
but  owing  to  the  rapid  radiation  caused  by  dirt, 
scale,  and  paint,  preheating  is  necessary. 

Since  oxidation  of  the  metal  is  a  vital  part  of 
thp  oxyacetylene  cutting  process,  this  process 


is  ivot  suitable  ior  metals  which  do  not  oxidize 
readily.  Carbon  steels  are  readily  cut  by  the 
oxyacetylene  cutting  process;  but  special  tech- 
niques (described  later  in  this  chapter)  are 
required  for  the  oxyacetylene  cutting  of  many 
other  metals. 

The  walls  of  the  kerf  formed  by  oxyacetylene 
cutting  of  ferrous  metals  should  be  fairly  smooth 
and  parallel  to  eafch  other.  When  you  develop 
skill  in  handling  the  torch,  you  will  be  able  to 
hold  the  cut  to  within  reasonably  close  tolerance.  J. 
Also,  you  will  be  able  to  guide  the 'cut  along 
straight,  curved,  or  irregular  lines,  and  to  cut 
bevels  or  othe*  shapes  which  require  holding  the 
torch  at  an  angle. 

CUTTING  TORCHES 

The  equipment  and  accessories  for  oxyacety- 
lene cutting  are  the  same  as  for  oxyacetylene 
welding  except  that  a  cutting  torch,  or  a  cutting 
attachment,  instead  of  a  gelding  torch  is  used. 
A  main  difference  between  the  cutting  torch  and 
the  welding  torch  is  that  the  cutti^torch  has 
an  additional  tube  for  high  praspfre  (cutting) 
oxygen.  The  flow  of  high  pressuijT  Dxygen  can  be 
•  controlled  from  a  valve  on  the  handle  of  the 
cutting  torch.  In  the  standard  cutting '  torch, 
the  valve  may  be  in  the  form  of  a  trigger 
assembly  like  the  one  in  figure  9-i.  On'  most 
makes  of  torches,  t^e  cutting  oxygen  mechanism 
is  designed  so  that  the  .cutting  oxygen  can  be 
eased  on  gradually.  This  gradual  opening  of  the 
cutting  oxygen  valve  is  particularly  helpful  in 
operations  such  as  hole  piercing  and  rivet  cutting. 

Most  welding  torches  are  furnished  with  a 
cutting  attachment  which  may  be  fitted  to  the 
handle  in  place  of  the  welding  tip.  With  this 


of  applications  in  steelwork.  ^At  most  any  naval 
activity  the  Ste&lworker  will  find  the  cutting 
torch  an  excellent  tool  for  cuttingferrous  metals. 
This  versatile  tool  can  be  used  for  such  opera- 
tions as  beveling  plate,  cutting  and  beveling 
pipe,  piercing  holes  in  ;steel  plerfeTand  cutting 
wire  rope. 

In  the  oxyacetylene  cutting  process  a  spot? 
on  the  metal  to  be,  cut  lis  heated  to  kindling  or 
ignition  temperature  (between  1400°  and  16Q0° 
for  steels)  by  oxyacetylene  flames,  also  called 
preheating  flames.  Then  a  Jet  of  pure  oxygen 
under  pressure  is  directed  at  the  metal,  and  a 
chemical  reaction  known  as  OXIDATION  takes 
place.  When  oxidation  occurs  rapicily  it  is  called 
COMBUSTION  or  BURNING;  when  it  occurs 
slowly,  it  is  called  RUSTING.  When  metal  is\ 
being  cut  bythe  oxyacetylene  torch  method,  the 
oxidation,  of  the  metal  is  extremely -rapid— in 
short,  the  metal"  actually  burns.  The  heat  liberated 
by  the  burning  of  the  iron  >or  steel  melts  the 
iron  oxide  formed  by  the  chemical  reaction, 
and  also  heats  the  iron, or  steel.  The  molten 
material  runs  off  a^  slag,  exposing  more  iron 
or  steel  to  the  oxygen  jet. 

In  oxyacetylene  cutting,  only  that  portion 
of  the  metal  which  is  in  the  direct  path  of  the 
oxygen  jet  is  oxidized.  Thus,  a  narrow  slit, 
called  a  KERF,  is  formed  in  the  metal  as  the 
cutting  progresses.  Most  of  the  material' re- 
moved from  the  kerf  is  in  the  form  of  oxides 
(products  of  the  oxidation  reaction);  the  re<- 
mainder  erf  the  material  removed  from  the  kerf 
is  molten  metal  which  is  blown  or  washed  out  of 
the  kerf  by  the  force  of  the  oxygen  jet: 

While  making  the  cut,  you  will  have  to  keep* 
the  preheating  flames  of  the  cutting  torch  burn- 
ing so  that  the  kerf  will  progress  smoothly. 
The  heat  generated  by  the  chemical  reaction 
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Figure  9-1.  — Oxyacetylene  cutting  torch. 


type  of  attachment,  the  welding  torch  may  be 
used  as  a  cutting  torch.  This  type  of  torch  is 
generally  called  a  combination  torch,  because 
you  do  not  have  to  disconnect  the  handle  at  the., 
hoses.  On  a  combination  torch  the  high  pressure 
oxygen  is  controlled  by  a  lever  on  the  handle, 
as; illustrated*  in  figure  9-2. 

CUTTING  TIPS 


Cutting  tips  are  made  of  copper  or  of  tellu- 
rium-copper alloys.  Whether  you  use  a  cutting 
torch  or  acutting  attachment  to  the  welding  handle, 
the  cutting  tip  (or  nozzle)  will  be  of  the  same 
general  design  as  that  shown  in  figure  9-3.  Notice 
that 'the  cutting  tip  has  a  number  of  small  orifices 
(holes)  which  surround  a  larger  center  orifice. 
The  small  orifices  are  for  the  oxyacetylene 
flames  which  are  used  to  preheat  the  metal  to 
its  ignition  teragggpture.  The  large  center  orifice 
is  used  to  direct  the  jet  or  stream  of  high 


pressure  oxygen  that  does  the  cutting.  There  are 
usually  four  or  six  preheat  orifices  in  each 
oxyacetylene  cutting  tip;  however,  some  heavy1* 
duty  tips  have  many  more  preheat  orifices. 

Cutting  tips  are  furnished  in  various  sizes. 
In  general,  the  smaller  sizes  are  used  for  cutting 
thin  metal  and  the  larger  sizes  ire  used  for  cutting 
heavy  metal.  Tip  sizes  are  identified  by  numbers. 
When  numbers  sych  as  00,  0,  1,  2,  3,  4,  and  5 
are  used  to  identify  tip  sizes,  the  lower  numbers 
indicate  the  smaller  tips;  for  example,  a  00  tip 
is  smaller  than  a  number  1  tip,  and  a  number  1 
tip  is  smaller  than  a  number  5  tip.  Some  manu- 
facturers identify  cutting  tips  .by  giving  the  drill 
size  number  of  the  orifices.  Large  drill  size 
numbers  indicate  small  orifices;  for  example, 
drill  size  64  is  smaller  than  drill  size  56. 

In  military  specifications  and  standards,  oxy- 
acetylene cutting  tips  are  identified  by  three-part 
numbers.,  The  first  part  is  the  tip  size  (0,  1,  2, 
3,  etc.).  The  second  part  is  the  drill  size  number 
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Figure  9-2.  — Cutting  attachment  for  an  oxyacetylene  welding  torch. 

of  the  orifice  for  the?  cutting  oxygen.  The  third 
part  is  the  drill  size  number  q£  the  preheat 
orifices.  For  example,  the  number  1-62-64  iden- 
tifies a  number  1  tip  with  a  cutting  oxygen  orifice  ' 
of  drill  size  62  and  preheat  orifices  of  drill 
size  64.  •  v 

Table  9-1  gives  tip  numbers,  orifice  sizes, 
and  approximate  cutting  ranges  of  various  sizes 
of  oxyacetylene  cutting  tips.  * 

CARE  OF  TIPS 

In  cutting  operations  the  stream  of  cutting 
oxygen  sometimes  vrfll  blow  slag  and  molten 
metal.into  the  orifices** and  cause^them  to  become 
partly  clogged.  When  this  happens,  the  orifices 
should  be  thoroughly  cleaned  before  the  tip  is 
used  again; .  even  a  very  small  amount  of  slag 
or  metal  in  an  orifice  will  seriously  interfere 
with  the  cutting  operation.  The  recommendatioi^. 
of  the  torch  manufacturer  should  be-followed  as  ** 
ta  the  size  of  drill  or  tip  cleaner  to  use  for 
cleaning  the  orifices.  If  you  do  not  have  a 
tip  cleaner  or  drill,  then  you  may  use  a  piece  *  .  - 
of  soft  copper  wire.  Do  not  use  twist  drills, 
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Table  9-1.  —  Sizes  and  Cutting  Ranges  of  Oxyacetylene  Cutting  Tips 


Tip 

Identification 


1-62-64 


Cutting  Oxygen 
Orifice  (Drill 
Size) 


-62- 


Preheat  Orifices 


Drill  Size 


-64- 


Approximate  Cutting  Range^ 

Straight  Edge  Cutting  of 
'  Medium  Steel  (Inches)  , 


LJLto_L12 


2-  56-62 

3-  52-59 

4-  43-57 

5-  30-56 


~56" 
.52 

43 

30 


62 
59 
57 
56 


nails,  or  welding  rods  for  cleaning  tips,  as 
these  are  likely  to  enlarge  and  distort  the  ori- 
fices.    ,  > 

The  orifices  of  the  cutting  torch  tip  are 
cleaned  in  the  same  manner  as  the  single  orifice 
of  the  welding  torch  tip.  Remember  that  the  proper 
technique  for  cleaning  is  to  push  the  cleaner 
straight  in  and  out  of  the  orifice;  be  careful 
not  to  turn -or  twist  it. 

Occasionally  the  cleaning  of  the  tips  will 
cause  enlargement  and  distortion  of  the  orifices 
even  if  the  proper  tip  cleaners  are  used.  If 
the  orifices  become  enlarged  you  will  get  shorter 
and  thicker  preheating  flames;  in  addition,  the 
*jet  of  cutting  oxygen  will  spread  rather  than 
leave  the  torch  in  thg  form  of  a  long  thin  stream. 
If  the  orifices  become  belled,  for  a  very  short 
distance  at  the  end,  it  is  sometimes  possible 
to  correct  this  conditio^  by  rubbing  the  tip  back 
and  forth  against  emery  cloth  on  a  flat  surface. 
This  wears  down  the  end  of  the  tip  whete  the 
orifices  have  been  belled,  -thus  bringing  the 
orifices  back  to  their  original  size.  Obviously, 
this  procedure  would  not  work  if  the  enlarge- 
ment is  very  great  or  if  the  belling  extends 
more  than  a  slight  distance  into  the  orifice. 

After  reconditioning  a  tip,  test  it  by  light- 
ing the  torch  and  observing  the  preheatingflames. 
If  the  fiames  are  too  short,  the  orifices  are 
still  partially  blocked.  If  the  flames  snap  out 
when  the  valves  are  closed,  the  orifices  are 
still  distorted. 

If  the  tip  seat  is  dirty  or  scaled  so  that 
it  does  not  fit  properly  into  the  torch  head, 
heat,  the  jtip  to  a  dull  red  and  -quench  it  in  water. 
This  will  loosen  .the  scale  and  dirt  enough  so 
that  they  can  be  rubbed  off  with  a  cloth. 
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OXYACETYLENE  CUTTING 
OPERATIONS 

Before  beginning  a  cutting  operation  with  an 
oxyacetylene  cutting  torch,  a  thprough  inspection 
of  the  area  should  be  made.  There  should  be 
no  combustible  material,  which  could  be  ignited 
by  the  sparks  and  slag  produced  by  the  cutting 
operation.  If  you  are  burning  into  a  wall,  inspect 
the  opposite  side  of  the.  wall  and  post  a  man  as 
required. 

Select  the  proper  size  tip  and  insert  it  in 
the  cutting  torch.  Then  adjust  the  oxygen  and 
acetylene  pressures  for  the  thickness  of  mate- 
rial to  be  cut.  Remember  that  the  tip  size 
and  pressures  should  be  in  accordance  with  the 
cutting  torch  manufacturer's  recommendations. 

Put  on  goggles  and  gloves.  Of  course,  addi- 
tional safety  apparel  should  also  be  worn  if  re- 
quited for  the  job  at  hand.  Light  the  torch  with 
the  sp^rk  igniter  that  is  used  to  light  the  weld- 
ing torch.  You  t  can  tell  you  have  the  torch  lit 
properly  when  you  cut  on  t)ie  oxygen  and  get 
a  neutral  flams  prior  to  squeezing  the  trigger, 
and  the  preheating  flames  stay  uniform  in  size 
and  do  not  attempt  to  leave  the  torch. 

CUTTING  LOW  'CARBON  STEEL  -~  "  " 

4 

To  cut  low  carbon  steel  with  the  ofcyacet- 
ylene  cutting  torch,  adjust  the  preheating  flames 
to  neutral.  Hold  the  torch  perpendicular  to  the 
work,  with  the  inner  cones  of  the  preheating 
flames  abojrf  1/16  inch  above  the  end  of  the 
line  to  be  cut,  as  shown  in  figure  9-4.  Hold 
the  torch  in  this  position  until  the  spot  you 
are,  heating  is  a  bright  red.  Open  the  cutting 
oxygen  valve  slowly  but  steadily.  If  the  cut  is 
being  started  correctly,   a  shower  of  sparks 
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CUTTING  OXYGEN 


PREHEAT  TO  BRIGHT  RED 
BEFORE  STARTING  TO  CUT 

Figure  9-4,  — Position  of  torch  tip  for  starting  a  cut. 


will  fall  from  the  opposite  side  of  the  work, 
indicating  that  the  cut  is  going  all*  the  way 
through*  More  the  cutting  torch  forward  along- 
the  line  Just  fast  enough  for  the  cut  to  continue 
to  penetrate  the  work  completely.  If  y<*x  have 
made  the  cut  properly,  you  will  get  a  clean, 
narrow  cut  which  looks  somewhat  like  one  made 
by  sawing.  When  cutting  round  bars  or  heavy 
sections,  you  can  save  time  if  you  raise  a 
small  burr  with  a*  chisel  where  the  cut  is  to 
start.  This  small  raised  protion  will  heat  quickly, 
and  cutting  can  be  started  immediately. " 

If  you  have  a  cut  to  start  from  the  center 
or  some  portion  of  metal  other  than  the  edge, 
use  the  following  method  for  starting  the  cut. 
Preheat  to  a  bright  red  the  spot  on  the  surface, 
where  the  cut  is  tcr  start.  Tilt  the  torch  at  an- 
angle  of  about  45*  from  the  perpendicular,  in 
line  with  the  direction  of  the  cut.  Open  the 
cutting  oxygen  valve  very  slowly.  As  the  torch . 
,  begins  to  cut,  start  righting,  it  to  a  perpendicular 
to  the  surface  of  the  plate.  Continue  to  right 
the  position  of  the  torch  gradually  as  it  cuts 
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until  it  is  at  90°  to  the  surface  of  the  plate  and 
is  cutting  all  the  "way  through.  Move  it  forward 
along  the  line  of  cut  as  fast  as  complete  pene- 
tration can  be  accomplished.  If  you  do  not  follow 
this  procedure,  you  are  likely  to  blow  the  slag 
back  on  the  cutting  ftip,  clogging  the  orifices  or 
otherwise  dflmfg*"B  the  equiment. 

When  you  have  started  a  cut,  move  the  torch 
slowly  along  the  cutting4  mark  or  guide.  As  you 
move  the  torch  along,  watch  the  cut  so  you 
can  tell  how  it  is  progressing.  Make  torch  adjust- 
ments if  necessary.  You  must  move  the  torch 
along  at  the  right  speed— not  too  fast,  and  not 
too  slow.  If  you  go  too  slowly,  the  preheating 
flame  will  melt  the  edges  along  the  cut  and 
may  even  weld  them  back  together  at  the  top 
-  surface.  If  you  go  too  fast,  the  -oxygen  will  not 
penetrate  completely  through  the  metal  and  the 
cut  will  be  incomplete.  You  wiil  know  this  right 
away  because  sparks  or  slag  will  blow  back 
towards  you.  If  you*  have  to  restart  the  cut, 
make  sure  there  Is  no  slag  on  the  opposite 
side.  ^ 


191 


906 


451* 


ST  E  ELWORK  ER  3  Si  2 


BEVELING  PLAT: 

You  will  frequl 
form  joints  for  we 
of  45*  in  2-inch  steel, 
cut  through  2.8  inches 
when  selecting  the  tip 


ive  to  cut  bevels  *  to 
To  make  a  bevel  cut 
flame  must  actually 
metal.  Consider  this 
k  adjusting  the  pres- 


to  the  plate 'being  cut,"  as  shown  in  figure  9-5B. 
pull  the  torch  along  this  guide  as  shown  in  figure 

9-5. 
i 

CUTTING  BY  MACHINE 


Sure*,  TTou  will  have  to  rise-  more  pressure  and 
less  speed  for  a  bevey cut  than  for  a  straight 
cut^ 

When  you  are  going  to  do  bevel  cutting, 
adjust  the  tip  so  that  the  preheating  orifices 
straddle  the  cut.  A  pibce  of  1-inch  angle  iron, 
with  the  angle  up,  makes  an  excellent  guide 
for  beveling  straight  edges.  To  keep  the  angle 
iron  in  place  while  the  torch  is  moving  along 
it,  you  may  use  a  heavy  toiece  of  scrap,  as  shown 
in  figure  9-5A.  Or  you  can  tack  weld  the  angle 


 In  most  battaliurib  you  may  havo  a  cutting 

machine  similar  to  that  shown  in  figure  9-6. 
A  cutting  machine  consists  of  a  frame  sup- 
ported by  wheels  with  a  movable  arm  upon  which 
a  torch  is  mounted.  Some  adjustments  up  and  down 
and  back  and  forth  are  necessary  to  adjust  the 
torch  for  height  and  alignment.  The  wheels  are 
so  arranged  that  they  can  be  mounted  upon  a 
track.  The  machine  is  motor  driven  with  an 
adjustable  speed  motor  and  a  gage  is  provided 
to  indicate  speed.  The  torch  is  adjustable  out 
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Figure  9-5.  -  Bevel  cutting  with  oxyacetylene  torch 
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Figure  9-6.  —  Bevel  cutting  on  a  circular  path 
with,  special  cutting  machine. 


of  the  perpendicular  to  permit  the  cutting  of 
bevels  and  the  making  of  angular  cuts. 

You  will  find  the  cutting  machine  a  valuable 
asset  when  you  are  deployed  and  your  shop 
is  called  upon  tb  produce  a  supply  of  identical 
parts  in  quantity.  Such  an  assignment  might  in- 
volve the  fabrication  of  a  large  supply  of  hanfi 
hole  covers  for  runway  fixtures.  Another  assign- 
ment might  involve  production  of  a  large  quantity 
of  thick  base  plates  for  vertical  columns  or 
bents  to  be  used  in  precast  concrete  construction. 

When  using  a  cutting  machine,  a  trick  is  laid 
along  the  edge  of  a  plate  to  be  cut  in  a  straight 
line.  Then  as  the  oxygen  torch  valve  is  opened, 
the  current  is  turned  on,  and  movement  of  the 
machine  along  the  track'  begins.  The  machine 
ydll  continue  to  cut  automatically  until  the  end 
of  the  cut  is  .reached.  When  the  cut  is  com- 
plete the  operator  should  promptly  cut  off  the 
cutting  oxygen,  turn  off  the  current  and  extinguish 
the  flame  — in  that  order.  The  speed  of  cutting 
depends  upon  the  thickness  of  the  steel  being 
*  cut.  This  same  machine  can  be  used  for  cutting 
circular  lines  without  the  use  of  the  track  and 
with  an  attachment  called  a  radial  bar.  A  punch 
mark  is  made  to  indicate  the  center  of  the 
circle  to  be  cut  and  the  machine  operates  around 


this  center  point.  'The  machine  can  be  adjusted 
so  that  the  torch  will  cut  the  size  of  cirble 
desired.  ' 

CUTTING  AND  BEVELING  PIPE  \^ 

When  you  are  cutting  a  piece  of  pipe,  keep 
the  torch  pointed  toward  the  centerline  of  the 
,-tfipe.  Start  the  cut  at  the  top  and  cut  down  one 
^gfcie;  Then  begin  at  the  top  again  and  cut  down 
tnb-  other  side,  finishing  at  the  bottom  of  the 
pipe.  The  procedure  is  shown  in  figure  9-7. 

Pipe  cutting  with  the  cutting  torch  requires 
a  steady  hand  to  get  a  good  bevel  cut— one  that 
— ia  smooth  and  true.  Do  not  try  to  cut  and 
a  heavy  pipe  in  one  operation-  until  you  have 
developed  considerable  skill.  Cut  the  pipe  off 
square  first,  and  make  sure  you  remove  alL 
slag  from  inside  the  pipe.  Then  proceed  to 
bevel  the  pipe.  This  procedure  will  produce  a 
cleaner  and  better  job  for  the  inexperienced 
burner. 

Sometimes  it  is  necessary  -to  make  T  and  Y 
fittings  from  pipe.  Here  the  cutting  torch  is  a 
f  most  valuable  tool.  The  usual  procedure  for  fab- 
ricating pipe  fittings  is  to  develop  a  pattern  like 
that  shown  in  figure  9-8.  Information  on  pattern 
development  is  given  in  earlier  portions  of  this 
training  jcnanual;  if  you  need  additi  onal  inform  ation 
or  assistance  consult  your  leading  petty  officer. 

After  the  pattern  is  developed,  it  iS  wrapped 
around  the  pipe  as  illustrated  in  figure  9-8.  Be 
sure  to  leave  enough  stock  so  that  the  ends  will 


FIRST  CUT 

KEEP  TORCH  FLAME 
CONTINUOUSLY 
POINTEO  AT 
CENTER  OF 
PIPE 


ARROWS 
REPRESENT 
TORCH  TIP 
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Figure  9-7.  — Cutting  pipe  with  oxy acetylene 
cutting  torch. 

overlap.  Trace  around  the  pattern  with  soapstone 
or  a  scriber.  It  is  a  good  idea  to  mark  the 
outline  with  a  prick  punch,  'using  light  taps, 
at  about  1/4-inch  intervals.  When  the  metal  is 
heated  during  the  cutting  procedure,  the  punch' 
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Tin-,  win— *ic|i  cutting  and  beveling  procedure 
is  not  c-unrilic-ated,  hut  a  steady  hand  and  a  great 
deal  ol  iji'ucUuu  are  necessary  to  turn-  out  a 
iirst  class  job.  The  one-step  procedure  for 
cutting  and  fabricating  a  T  is  illustrated  in 
figure  9-8.  Part  A  of  figure  9-8  outlines  the 
step  by  step  procedures  for  producing  the  branch; 
part  B  sho\\s  the  steps  for  preparing  the  other 
section  of   the  T;  and  part  C  shows  the  as- 


— aem'jleci  T,  tack-  welded  and  rcady-for  welding. 
Stop  3  under  part  A  shows  the  procedure 
tor  cutting  the  nvter  on  the  branch.  The  cut 
'is  started  at  the  end  of  the  pipe  and  worked 
around  until  one-half  of  one  side  is  cut.  The 
torch  is  manipulated  so  that  at  all  times  the 
tip  is  at  an  angle  of  45°  to  the  surface  of  the 
pipe  along  the  line  of  Cut.  While  the  tip  is  at 
a  45°  augle,  the  torch*  is  moved  steadily  for- 
ward and  at  the  same  time  the  butt  of  the  • 
torch  is  swung  upward  through  an  arc.  This 
torch  manipulation  ie  necessary  to  keep  the 
cut  progressing  in  the  proper  direction^  and  to 
produce  a  bevel  that  will  be  45c  at  all  points 
on  the  mi  to  i.  The  second  portion  of  the  miter 
is  cut  in  the  same  manner  as  the  first. 

*  .  Tlie  torch  manipulation  necessary  for  cut- 
ting the  a*un  oi  the  T  is  shown  in  steps  3  and  4 
ln^poi't  B  of  figure  9-8.  Step  3  shows  the  torch 
:mgle  to:  "flic  starting  cut.  At  step  4,  the  cut 
has,  progressed  to  the  lowest  point  on  the  pipe. 
Heio  the  angle  has  been  changed  to  get  around 
the  Sfarp  .  curve  and  start  the  cut  in  an  up- 
ward direction.  The  completed  cut  for  the  run 
is  shown  in  step  5  (part  Bf  fig.  9-8). 

Beiore  the  paits  of  any  fabricated  fitting 
are  assembled  and  tack  welded,  be  sure  to 
clean  the  slag  fiom  the  inner  pipe  wall  and 

^feheck  the  tit  ot  the  joint.  The  bevels  must 
be  smooth  in  order  to  allow  complete  fusion 
when  the  joint  is  welded. 

If  yoa  have  a  lot  of  pipe  beveling  to  do  and 
you  don't  have  a  special  cutting  machine,  you 
can  — with  a  little  SEABEE  ingenuity  —fabricate 
a  homemade  rig  like  that  shown  in  figure  9^9. 
To  make  tins  rig,  you  simply  mount,  with  wing 
nuts,  the  <  rollers  from  an  old  pair  of  roller 
skates  between  two  pairs  of  parallel  bars  welded 
to  a  suitable  frame. 

As  an  example  of  how  you  would  use  this  rig» 
suppose  you  have  some  6-inch  pipes  to  cut.  As 
the  first  step,  place  the  pipe  on  the'rollers  and 
nuunt  the  cutting  torch  in  the  adjustable  bracket, 
as  shown  in  hgui^e  9-10.  Using  a  stout  cord,  then 
take  a  turn  aiound  the  far  end  of  the  pipe.  Attach 
one  end  of  the  cord  to  the  crank,  which  can  be 
made  froth  a  piece  of  one-quarter  inch  welding 


Figure  9-8.—  !»abi  icating  a  T. 

marks  will  stand  out,  making  it  easier  to  tollow 
the  line  of  cut.  Pla^-  l'v  i  "nci*  murks  so  that 
they  will' be  remove,  It  punch 

marks  ai'e  not  ren*..i.:#  v  uk,  w  tclu* 
from  which  cracking    ::\    k.j  i. 

An  expei loncti*  buim.*  can  -cut  and  bevel 
pipe  at  a  45°  angle  in  v-ne  operation..  A  man 
with  little  experience  mi*  have  to 'do  the  job 
in  two  steps.  In  that  ■ 
to  cut  the  desiiuil  t,..i 
second  step  ib  to  bo*e, 
to  a  45°  angjie.  WU,  .  ci> 
procedure,   anothei  Lao 


[tygt  step  ib 
allele.  The 
m^i.  >A  the  cut 
>!u>uig.  tit  two-step 


u.ubt  U  luaikcd  on 
the  pipe.  This  Second  Ii.a  K/ilowj-  the  contuui 
of  the  line 'traced  umuhi  tre  puuern,  but  it 
'is  drawn  awa>  from  the  iiiginid  nattern  litTe 
at  a'  distance  equdl  lo  the  }>u)e  wiill  thickness. 
The  first  (or  90®)  cut  in  th«.  two- step  procedure 
is  made  along  the  ?uui.  ;  hnt.  The  second 
(or  45°)  cut  is  made  nlu.;^  in*,  ouginul  pattern 
line.,  The  two-.step  ^.vc*  U*.«  lb  tun*;  consuming 
and  uneconomical  in  ten  .  ol  UAj^en  and -ju  et- 
ylene  consumption. 
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Figure  9-9.  — A  home-made  pipe  beveling  rig. 
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Figure  9-10.  —  Bevels  of  any  angle  can  be  cut 
with  rig. 

rod.  Pass  the  other  end.  of  the  cord  over  the 
idler  pulley  at  the  right  (see  fig.  9-10),  and 
attach  it  to  a  weight  so  that  the  cord  will  be  kept 
taut.  Now  proceed  to  adjust  the  height  of  the 
crank  and  the  idler  so  that  they  are  slightly 
lower  than  the  top  of  the  pipe.  This  adjustment 


5 

will  give  the  cord  a  better  grip  on  the  pipe  and 
avoid  any  tendency  of  the  pipe  to  be  lifted  off  the 
rollers.  Adjust  the  torch  head  to  an  angle  of  45 
degrees.  -  * 

Next,  light  the  torch  and  adjust  the  flame. 
Then  swing  the  torch  toward  the  end  of  the  pipe 
until  the  preheating  flames  just  touch  the  edge. 
As  soon  as  a  small  area  of  metal  is  bright  red, 

'open  the  cutting-oxygen  valve  and  swing  the 
torch  into  the  line  of  the  cut  and,  at  the  same 
time,  start  turning  the  crank,  thus  rolling  the 
pipe.  You*will  soon  be  able  to  judge^the  correct 
speed  and  to  hold  it  throughout  the  cutting  oper- 
ation. Tilt  the  rig  slightly  by  propping  up  the 
forward  end;  this  is  done  so  that  gravity  will 

-Keep  the  far  end  of  the  pfpc  against  the  face 
plate.  Smooth,  even  cuts  are  easily  made  with 
this  setup.  An  advantage  is  that  pipe  ends  can  be 
cut  either  straight  or  with  bevels  of  any  desired 
angle  by  merely  adjusting  the  angle  of  the  torfch 
head.  After  cutting,  check  to  ensure  that  no  slag 
or   icicles  remain  on  the  inside'  of  the  pipe. 

PIERCING  HOLES  " 

The  cutting  torch  is  also  a  valuable  tool 
for  piercing  holes  in  steel  plate.  The  Steps  are 
illustrated  in  figure  9-11.  Lay  the  plate  out 
on  two  firebricks  so  that  the  flame  will  not 
hit  something  else  when  it  burns  through  the 
plate.  Hold  the  torch  over  the  hole  location 
with  the  tips  of  the  inner  cone  of  the  preheating 
flames  'about  1/4  inch  above  the  surface  of 
the  plate.  Continue  to  hold  the  torch  in  this 
position  until  a  small  round  spot  has  been  heated 
to  a  bright  red.  Open  the  cutting  oxygen  valve 
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Figure  9-11.  —  Piercing  a  hole  with  oxyacetylene 
cutting  torch. 
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very  gradually  and,  at  the  same  time,  slightly 
raise  the  nozzle  away  from  the  cutting  tip. 
As  you  start  raising  the  torch  and  opening  the 
oxygen  valve,  start  rotating  the  torch  with  a 
slow  spiral  motion.  This  will  cause  the  molten 
s}ag  to  be  blown  out  of  the  hole.  The  hot  slag 
may  fly  around,  so  BE  SURE  that  your  goggles 
are  well  fitted  to  your  eyes  and  face,  and  avoid 
having  ypur  head  directly  above  the  cut. 
 If  you  need  a  larger  hole,  outline  the 


edge.. 


the  preheating  flapies  of  the  cutting  torch  to 
bring  the  head  of  the  rivet  up  to  the  proper 
temperature,  then  turn  on  the  oxygen  and  wash 
off  the  head.  The  remaining  portion  of  the  rivet 
can  then  be  punched  out  with  a  light  hammer 
blow.  The  step-by-step  procedure  follows: 

1.  Use  the  size  Qf  tip  and  the  oxygen  pres- 
sure required  for  the  size  and  type  of  rivet 
you  are  going  to  cut.  „  


of  the  hole  with  a  piece  of  soapstone,  and  follow 
the  procedure  given  above.  Start  the  cut  from 
the  hole  that  .you  have  pierced  by  moving  the 
preheating  flames  to  the  normal  distance  and. 
working  to  and  following  the  line  that  has  been 
drawn  on  the  plate.  Round  holes  'can  be  made 
by  using  a  cutting  torch  with  a  radius  bar 
attachment. 

CUTTING  RIVETS 
> 

When  you  are  required  to  remove  rivets 
from  plates  that  are  to  be  disassembled,  you 
will  find  the  cutting  torch  a  good  tool.  The 
cutting  procedure  is  shown  in  figure  9-12.  Use 


2.  Heat  a  spot  on  the  rivet  head  until  it 
is  bright  red. 

3.  Move  the  tip  to  a  position  parallel  with  the 
surface  of  the  plate  and  slowly  turn  onN(he  cut- 
ting oxygen. 

4.  Cut  a  slot  in  the  rivet  head  like  the 
screwdriver  slot  in  a  roundhead  screw.  When 
the  cut  nears-  the  plate,  draw  the  nozzle  back 
at  least  1-1/2  inches  from  the  rivet  so  that 
you  will  not  cut  through  the  plate. 

5.  When  you  have  cut  the  slot  through  to 
the  plate,  swing  the  tip  through '  a  small  arc. 
This  slices  off  half  the  rivet  head. 


PREHEATING 
FLAMES 


PREHEATING 


SLOT  CUT  IN  HEAD  AS  NOZZLE 
IS  DRAWN  \Vt  INCHES  AWAY 


HALF  OF  HEAD  SLICED  OFF 


REMAINDER  OF  HEAD  CUT  AWAY 
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Figure  9-12.  —  Using  the  cutting  torch  to  remove  head  of  rivet. 
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6.  Then  swing  the  tip  in  an  arc  in  the  other 
direction  to  slice  off  the  other  half  of  the  rivet 
head. 

By  the  time  the  slot  has  been  cut,  the  rest 
of  the  rivet  head  has  usually  been  heated  to 
cutting  temperature.  Just  before  you  get  through 
the  slot,  draw  the  torch  tip  back  1-1/2  inches 
to  allow  the  cutting  oxygen  to  scatter  slightly. 
This  keeps  the  torch  from  breaking  through 
the  layer  of  scale  that  is  always  present  between 
the  rivet  head  atfd  the  plate.  It  allows  the  Head 
of  the  rivet  to  be  cut  off  without  damaging  the 
surface  of  the  plate.  If  you  do  not  draw  the  tip 
away,  you  may  cut  through  the  film  of  scale 


and  into  the  plate. 

A  low- velocity  cutting  tip  is  best , for  cut- 
ting buttonhead  rivets  and  for  removing  counter- 
sunk rivets.  A  low-velocity  cutting  tip  has  a 
cutting  oxygen  orifice  with  a  large-'flhaa^tSr. 
Above  this  orifice  are  three  heating  orifices. 
Always  £lace  a  low-velocity*  cutting  tip  in  the 
torch  so  that  the  heating  orifices  are  above 
the  cutting  orifice  when  the  torch  is  held  in 
the  rivet  cutting  positxpn^ 

To  remove  countersunk  rivets  from  vertical 
sheet  or  plate,  use  the  method  shown  in  figure  9-13 
and  follow  these  instructions: 


4.  HoW  the  torch  steady  with  the  Cutting 
stream  directed  at  the  center  of  the  rivet.  As 
the  rivet  is  cut  away,;  the  angle  of  the  torch 
should  be  decreased  until  the  tip  is  perpendicular 
to  the  sheet  or  plate  and  the  cutting  stream  is 
directed  at  the  center  of  the  rivet. 

5.  When  you  have  cut  through  the  ( head  to 
the  shank  of  the  rivet,  wash  away  the  remainder 
of  the  head  with  one  circular  wiping  motion. 
Always  move  the  torch  so  that  the  cutting  stream 
will  follow  the  preheat. 

6.  The  shank  may  then  be  removed  with  a 
hammer  and  punch. 

Buttonhead.  rivets.,  may  ,  he  removed,  in  thQ 


1.  Hold  the  torch  horizontally  and  turn  it  so 
that  the  tip  alsa  points  horizontally. 

2.  Tilt  the  tip  upward  about  15°  and  hold 
the  preheating  flames  on  a  point  slightly  below 
the  center  of  the  rive&head. 

3.  When  you  get  the  area  heated  to  a  dull 
red,  move  the  torch  upward,  still  keeping  the 
upward  tilt,  and  slowly  open  the  cutting  oxygen 
valve. 
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FLAMES 


PREHEATING 
FLAMES 


same  manner  as  countersunk  rivets  with  the 
low-velocity  cutting  tip/  The  process  is  illus- 
trated step  by  step  in  figure  9-14.  Remember 
that  it  is  important  to  ^tart  below  the  center 
of  the  rivet  head  so  chat  molten  metal  and  slag 
will  not  be  deposited  on  the  plate. 

CUTTING  WIRE  ROPE 

The  cutting  torch  is  sometimes  used  to  cut 
wire  rope.  Wire  rope  is  made  up  of  many 
strands.  Since  these  strands  do  not  form  one 
solid  piece  of  metal,  you  may  encounter  difficulty 
in  making  the  cut.  To  prevent  unlaying,  the  wire 
rope  should  be  seized  on  each  side  of  where  the 
cut  will  be  made.  Instructions  for  seizing  wire 
rope  may  be  found  in  chapter  15  of  thi^T  training 
manual.  To  cut  wire  rop  with  the  to^h,  adjust 
the  torch  to  give  a  neutral  flame  and  cut  between 
the  seizings.  If  the/  wire  rope  is  going  to  go 
through  sheaves,  then  it  would  be  desirable  to 
fuse  the  wires  together  and  point  the  end.  This 
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Figure  9-13.  — Cutting  a  countersunk  rivet  with  a  low- velocity  cutting  tip. 
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Figure  9-14. — Cutting  buttorfhead  rivets  with  low-velocffty  cutting  tip. 


will  make  entrance  into  the  block  much  easier, 
especially  when  you  are  working  with  a  large 
size  of  wire  rope,  and  when  reeving  blocks  that 
are  close  together.  In  fusing  and  pointing  wire 
ropo,  adjust  the  torch  to  give  a  neutral  ilnme; 
then "  close  the  oxygon  valve  until  you  obtain  a 
c arborizing  flame.  With  proper  torch  manipu- 
lation yjpu  can  then  fuse  the  wires  together  and 
point  the  wire  rope  at  the  same  fame. 

Wire  rope  sis  lubricated  during  fabrication 
and  is  frequently  lubricated  again  during  its 
service  life.  Be  sure  thnt  all  excess  lubricant 
is  wiped  off  the  wire  rops  before  you  begin  to 
cut  it  with  the  oxyacctylene  torch. 


SPECIAL  OXYACETYLKNE  CUTTING 
/TECHNIQUES 

Carbon  steels  containing  up  to  1.0  percent 
carbon  are  easily  cut  with  the  oxy acetylene  cut- 
ting torch.  Nonferrous  metals,  however,  and 
ferrous  metals  such  as  cast  iron,  carbon  steels 
containing  more  than  1.00  percont  carbon,  and 
many  alloy  steels  can  be  successfully  flame 
cut  only  if ,  special  techniques  are  used.  These 
special  techniques  include  using  more  intense 
and  more  widely  distributed  preheat;  using  dif- 
ferent flame  adjustments;  introducing  iron  or 
low  carbon  steel  into  the  cutting  area;  varying 
the  torch' movements;  and  using  fluxes. 

PREHEAT 

Preheating  the  metnl  before  ,  cutting  reduces 
the  amount  of  oxygen  arid  fuel  'gas  required  to 
make  the  cut.  it  also     \<\z  to  prevent  or  mini- 


mize distortion  affl^to  prevent  surface  hardness 
oi  the  piece  after  the  cut  has  been  mode.  While 
preheating  is  helpful  in  any  cutting  operation, 
it  is  essential  for  some  of  the  mettds  :  ~d  alloys 
which  are  not  easily7cut,  yhe  prU.o:i'ir*£  tem- 
peratures generally  used  for  oxyacetyl<7:;e  outting 
range  Irom  500°  to  about  600°  F,  &k!  ^a^h  con- 
siderably higher  temperatures  are  c  iiiionally 
used.* 

Preheating,  is  usually  accomplish  J  by  using 
the  preheating  orifices  ip  the  cutting  U^.  Special 
tips  having  larger  and  more  numerousprehenting 
orifices  are  available  for  cutting  cast  iron  and 
other  materials  which  require  intense  and  widely 
distributed  preheat 

FLAME  ADJUSTMENT 

A  neutral  preheating  flame  is  u^etjl  for  most 
oxyacetylene  cutting.  In  some  cases,  however, 
other  flame  adjustments  give  better  results.  For 
example,  a  highly  carburizing  flame  is  used  for 
preheating  cast  iron.  Th6  excess  acetylene  in  ?he 
c arborizing  flame  ignites  when  it  combines  with 
the  cutting  oxygen  deep  in  the  kerf,  thus  in- 
creasing both  the  intensify  and.  the  distribution 
of  the  preheat.  For  cutting  cast  iron,  the  .length 
of  the  feather  on  the  preheating  flame  should  be 
approximately  equal  to  the  thickness  of  the  cast 
iron.  A  slightly  less  carburizing  flame  is  used 
for  cutting  stainless  steels. 

INTRODUCTION  OF  IRON  OR 
LOW  CARBON  STEEL 

Introducing  iron  or  low  carbon  steel  into  the 
cutting  area  greatly  simplifies  the  cutting  of 
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some  metals^Whon  the  ozldcs  of  a  metal  have 
a  higher  melting  pnlat  frsn  the  metal  itself, 
the  oxides  protect  the  base  metal  from  the  put- 
ting action  of  the  oxygen;  in  such  cases,  intro- 
ducing iron  or  low  carbon  steel  into  the  cutting 
area  solves  the  problem  because  the  rapid  oxida- 
tion of  the  iron  or  steel  liberated  enough  heat 
to  melt  the  oxides  which  would  otherwise  interfere 
with  the  cutting.  When  alloying  elements  are 
responsible  for  the  difficulty  in  cutting  the  metal, 
the  introduction  of  iron  or  low  carbon  steel 
reduces  the  percentage  of  these  alloying  elet- 
ments  and  so  makes  the  metal  easier  to  cut. 


Several  techniques,  are  usej^^  introduce 
lron^or  low  carbon  steel  into  the  cutting  area. 
An  easily  cut  steel  waster  plate  may  be  clamped 
firmly  to  the  surface  of  the  mct^al  to  be  cut? 
a,  steel  welding,  rod  may  be  fed  into  the  kerf 
as  the  cutting  (proceeds;  a  bead  6i  low  carbon 
steel1  may  be  deposited  along  thereof  cut  be- 
fore the  cut  is  made;  or  fiijety  divided  iron 
powder  may  be  blp*n  into  the  stream  of  cutting 
oxygen*  through  specisi  orifices  in  the  cubing 
tip. 


Cast  iron*  chromjjpn  irons,  stainless  steels, 
•and  various  alloys  having  saia3I  ferrous  content 
can  be  successfully  cut  with  the  oxyacetylene  ^ 
torch  when  iron  or  low  carbon  steel  i:Kintro~  • 
duced  into  the  cutting  area.   }  + 


TORCH  MOV^ME^TS    >   X  ^ 

For  most  oxfcicetylene  cutting,  the  torch  is 
moved  steadily  forward  along  the  line  of  cut, 
as  shown  in  part  A  of  figure  9-lj^  Metals 
that  are  difficult  to  cut  often  require  special 
torch  movements.  For  example,  the  oscillating 
movement  shown  inpart  B  of  figure  9-15  is  suit- 
able  for  cutting  thin  sections  ot  cast  iron;  jwt 
C  shows  the  pscilluting  movement  that  is  T)est 
jvfor  cutting  heavier  sections  of  cast. iron.  Part 
D  shows  the  reciprocating  (or  bftck  and  forth) 
torch  movement  that  is  most  effective  for  cut- 
ting stainless  steels. 


o 


A    TORCH  MOVEMENT  FOR  CUTTING 
LOW  CARBON  ^TEEL 


B.  TORCH  MOVEMENT  FOR  CUTTING 
THIN  SECTIONS  OF  CAS^MRON 


Ck  torch  movement  for  cutting 
heavy  sections  of  cast  iron 
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D.  TORCH  MOVEMENT  FOR  CUTTING 
'  STAINLESS  STEELS 


<  ^  11.137 

i-*gure  9-15.  —  Manipulation  of  oxyacetyltne 
cutting  torch. 


FLUXES 


Although  fluxes  are  >not  used  for  .most;  oxy- 
acetylene  cutting  they  are  used  for  cutting 
staifdess  steels,  chroirfium^ons,  and  other 
metals  that  are  b  ird  to  cut.  Fluxes  used  tor 
cutting  are  nonmotallic  compounds  in  powdered 
form.  As  the  powdered  flux  is  injected  into  the 
kerf,  it  reacts  chemically  with  the  oxides  which 
have  a  higher  molting  point  than  the  base  metal. 
The  result  of  this  chemical  reason  is  a  sloj; 
which  melts  at  a  lower 'temperature.  The  stream 
of  cutting  oxygen  -washes  the  molten  slag  out 
of  the  cut  and  exposes  the  base  metal  to  the 
jetting  Action  of  tLe  oxygen. 

JUDGING  THE  QUALITY  OF 
OXY ACETYLENE  ($JTS 

In  order  to  know  how  good  a  job  of  citing 
you  are  doing,  you  must  know  what  constitutes 
a  good  oxyacetylene  cut.  In  general,  the  qual- 
ity of  an  oxyacetylene^  cut  is  judged  by  (1)  the 
shape  and  length  of  the  drag  ^nes;  (2)  the 
smoothness  of  the  sHes;  (3)  the  sharpness  of 
the  top  edges;  and  (^)  the  amount  of  slag  ad- 
Tieringlo  the  metal/  r 

DRAG  LJNES,  Drag  lines  are  the  line  mark- 
ings which  show  on  the  cut  surfaces.  Good 
drag  lines  are  almost  straight  up  and  down, 
as  slown  in  jnu;t  A  ohfi^re  9-16.  Poor  dr^ng 
linec  arc  long  tvA  irregular  or  excessively 
curved,   as  shown  in  part  B  of  figure  9-1G; 
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A.  cooo  0*AG  lines 

(SHOUT,  AU«$T  VEATICAL) 


•    POOR  DRAG  LINES 

(LONG,  EXCESSIVELY  COftVED) 


C.  LOSS  Of  CUT 


0.  GOOft  TOP  EOGES 
(SHARP) 


r 


r  POOR  TOP  EOGES 
(ROUNOEO) 


drag  lines  of  this  type  indicate  poor  cutting  pro- 
cedure which  may  also  result  in  loss  of  the 
cut  (parts  B  and  C  of  fig.  9-16).  Drag  lines  are 
probably  the  best  single  indication  of  the  quality 
of  an  oxyacetylene  cut;  if  the  drag  lines  are  short 
and  almost  vertical,  the  smoothness  of  the  sides, 
the  sharpness  of  the  top  edges,  and  the  slag 
conditions  are  almost  sure  to  be  satisfactory* 
SMOOTHNESS  OF  SIDES;  A  satisfactory  oxy- 
acetylene cut  shows  smooth  sides-  A  grooved, 
fluted,  or  ragged  cut  surface  indicates  a  cut 
of  poor  quality. 
1  SHARPNESS  OF  TOP  EDGES.  The  top  edges 
resulting  from  an  oxyacetylene  cut  should  be 
sharp  and  square  (part  D,  fig,  9-16).  Rounded 
top  edges  such  as  tihose  shown  in  part  E  of 
figure  9-16  are  not  considered  satisfactc>ry.  Melt- 
ing down,  of  the.  top  edges  may  result  Jrom 
incorrect  preheating  procedures  or  from  mov- 
ing, the  torch  too*slowly. 

SLAG  CONDITIONS,  An  oxyacetylene  cut  is 
not  considered  satisfactory  if  slag  adheres  so, 
tightly  to  the  metal  that  j^s  difficult  to  remove. 


Figure  9-16.— Effects  of  correct  and 
incorrect  cutting  procedures..  4  , 
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SAFETY  PRECAUTIONS  ? 

In  all  cutting  operations,  be  careful  to  see' 
that  hot"  slag  does  not  come  in  contact  with  any 
combustible  material.  Globules  of  hot  slag  can 
roll  along  a  deck  for  quite  a  distance.  Do  not 
cut  within  30  or  40  feft  of  unprotected  com- 
bustible materials.' If  combustible  materials  can- 
not be  removed,  cover  them  with  sheet  metal 
or  asbestos  guards.  Keep  the  acetylene  and  oxy- 
gen cylinders  far  enough  away  from  the  work 
so*  that  hot  slag  will  not  fall  on  the  cylinders 
or  hoses. 

Many  of  the  safety  precautions  discussed 
in  chapters  7  and  8  of  this  training  manual 
apply  to  icutting  as  well*  as  to  welding.  As  part 
of  this  Instruction,  it  is  suggested  that^you  go 
back  and  review  the  material  on  safety  in  those 
two  chapters.  It  is  also  suggested  that  you 
review  the  section  entitled  "Fire  Prevention" 
in  chapter  8.  Be  sure  that  you  are  entirely 
familiar  with  all  appropriate  safety  precautions, 
before  attempting  any  oxyacetylene  cutting  oper- 
ation. ^ 
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CHAPTER  10 

MISCELLANEOUS  USES  OF  THE 
OXY ACETYLENE  FLAME 


You  are  probably  aware  .by  now  that  there 
are  many  uses  of  the  oxyacetylene  flame.  As  a 
Steelworker,  however,  you  will  be  concerned  In 
particular  with  the  following  six  oxyacetylene 
processes:  torch  brazing,  brazevwelding,  hard- 
facing,  spot  heating,  .oxyacetylene  welding,  and 
oxyacetylene  cutting.  Here  we  will  discuss  Hhe 
first  four  of  these  processes.  Oxyacetylene  weld-, 
ing  and  cutting  are  discussed  elsewhere  in  this 
manual.  Except  for  minor  modifications,  the  pro- 
cesses employ  essentially  the  same  equipment.. 


#  TORCH  BRAZING 

In  the  master  chart  of  welding  processes 
(fig.  7-1),  you  will  note  that  brazing  is  one  of 
the  basic  welding  processes  and  that  it  includes 
a  number  of  subsidiary  processes.  The  Steel- 
worker  is  primarily  concerned  with  only  one  of 
the  subsidiary  brazing  processes  —  namely* 
TORCH  BRAZING.  For  that  reason,  torch  brazing 
is  the  only  brazing  process  described  in  this 
chapter. 

Torch  brazing  is  a  brazing  process  wherein 
coalescence  is  produced  by  heating  with  a  gas 
flame  and  by"  using  a  nonferrous  filler  metal 
having  a  melting  point  above  800°  F,  but  below  the 
melting  point  of  the  base  metal.  The  filler  metal 
is  distributed  in  the  joint  by  capillary  attraction. 
The  process  of  torch  brazing,  as  its  name  indi- 
cates, requires  the  use  of  a  torch  (or  torches)  to 
apply  the  brazing  heat. 

In  steelwork,  torch  brazing,  sometimes  called 
silver  brazing,  provides  one  of  the  most  effective 
methods  .available  for  joining  metals.  ^This 
process  is  ustf'&o  make  joints  in  both  ferrous 
and  non-ferrou$giping.  It  also  is  used  in  making 
repairs  to  macbi^  parts,  refrigeration  equip- 
ment, water  systeiAs.  Joints  in  dissimilar  metals 
can  be  made  by  torch  brazing;  In  addition,  this 
process  is  suitable  for  making  joints  in  electrical 
fittiggs  and  sheet  metal  objects. 


Torch  brazing  and  oxyacetylene  welding  are 
similar  in  a  number  of  ways.  A  main  difference 
between  these  two  processes,  however,  is  in  the 
amoynt  of  heat  used.  In  torch  brazing  only  the 
filler  metal  (not  the  base  metal)  is  melted,  while 
in  .oxyacetylene  welding  the  base  metal,  as  well 
as  the  filler  metal,  is  melted.  Remember  that 
brazing  is  the  only  weeding  process  in  which 
melting,  the  base  metal  is  not  necessary  fpr  coa- 
lescence to  occur.  If  the  base  metal  does  melt 
in  brazing,  it  is  because  the  operator  is  unliable 
to  control  the'  application  of  heat. 

CAPILLARY  ATTRACTION 

Since  capillary  attraction  is  important  in 
the  torch  brazing  process,  it  will  be  helpful 
to  understand  what  is  meant  by  this  term.. 
Perhaps  the  best  way  to  understand  capillary 
attraction  is  to  consider  some  everyday  examples 
of  the  process.  If  you  put  one  end  of  a  strip 
of  -cloth  in  a  glass  of  water  and  allow  the  other 
end  to  hang  over  the  edge  of  the  glass,  the  end 
of  the  cloth  which  is  not  in  the  water  will  be- 
come wet.  Water  rises  in  the  cloth  by  capillary 
attraction.  When  you  use  a  blotter,  the  ink  is 
drawn  up  into  trie  blotter  by  capillary  attraction. 
The  wick  on  an  oil  lamp  can  be  lit  because  the 
oil  rises  «n  the  wick  by  capillary  attraction.  In 
each  of  these  examples,  we  have  a  LIQUID  (water, 
ink,  oil)  which  moves  into  an  opening  in  a  SOLID 
(cloth,  blotter,  wick)  by  the  process  called  capil- 
lary attraction.  A  basic  rule  of  capillary  attrac- 
tion is  that  the  distance  the  liquid  will  be  drawn 
into  the  opening  in  the  solid  depends  on  the  size 
of  the  opening  in  the  jBolid;  the  smaller  the  open- 
ing, the  farther  the  liquid  will  be  drawn  in. 

In  just  the  same  way, 'capillary  attraction 
causes  the  melted  filler  metal  used  in  torch 
brazing  to  be  drawn  into  the  narrow  clearance 
between  the  joining  members.  Capillary  attrac- 
tion will  not  work  unless  the ( filler  metal  is 
MELTED  and  unless  the  size  of  the  opening 
is  quite  small.  Therefore,  the  application  of 
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heat  and  the  use  of  a  very  small  clearance 
between  Joining  members  are  essential  to  the 
torch  brazing  process.  The  heat  is  necessary 
in  order  to  melt  the  filler  metal  and  to  keep  it 
molten;  the  small  clearance  is  necessary  to 
allow  capillary  attraction  to  draw  the  molten 
metal  into  the  space  between  the  joint  members. 

TORCHES  * 

Successful  torch  brazing  depends  largely  upon 
the  operators  ability  to  control  the  application' 
of  heat  by  manipulating  the  torch.  Torches  are 
provided  with  various  sizes  of  tips,  since  one 
tip  size  cannot  be  used  for  making  joints  on  all 
thicknesses  of  metal.  A  welding  torch  with  welding 
tips  is  furnished  in  the  Gas  Cutting  Welding 
Kit  In  the  Organic  Allowance  Kit  *  7013.  (See 
figs.  10-1  and  LO-2.)  The  torch  is  a  versatile 
tool;  besides  its  use  for  welding  the  torch  has 
a  cutting  attachment  and  tips  for  Cutting  steel 
plate  up  to  6  inches  thick.  The  torch  is  light- 
weight and  well  balanced.  The  size  of  tip  Selected 
for  the  torch  should  be  determined  by  the  type 
of  ^ork  to  be  done.  Table  10-1  may  be  used  as 
a  general  guide  in  the  selection  of  tip 
sizes. 

Control  of  heat  is  the  most  difficult  part  of 
torch  brazing,  and  can  be  done  properly  only 
if  you  know  how  to  manipulate  the  torch. 

Torch  manipulation  is  something  you  cannot 
.learn  from  a  book.  Ask  your  leading  petty  officer 
to  show  you  the  correct  technique  of  torch 
manipulation,  and  then  practice  until  you  are 
able  to  haifdle  the  torch  properly  and  efficiently. 

BRAZING  FILLER  METALS 

Brazing  filler  metals  are  Aonferrous  metals 
or  alloys  which  have  a  melting  temperature 


above  800°F  but  below  the  melting  point  of 
the  base  metal  being  joined.  You  may  have 
heard  these  brazing  filler  metals  -referred  to 
as  silver  solder,  hard  solder,  or  brazing  alloys, 
but  Ihebe  terms  are  being  replaced  by  the  term 
BRAZING  FILLER  METAL.  The  American  Weld- 
ing Society  (AWS)  defines  a  brazing  filler  metal 
as  a  metal  or  alloy  to '  be  added  in  making  a 
braze. 

Brazing  filler  metals  covered  in  Navy  Speci- 
fications possess  certain  characteristics.  Some 
of  the  major  characteristics  are: 

1.  They  have  a  low  melting  |>oUit. 

2.  They  have  high  tensile  strength. 

3.  They  are  highly  resistant  to  corrosion. 

-4.  They  flow  readily  at  the  lower  brazing 
^temperatures. 

5.  They  braze  readily  to  copper  and  to  cop- 
per alloys.  v 

There  are  a  number  of  different  blazing 
filler  metals  available.  The  metals  commonly 
used  for  brazing  filler  metals  include  silver, 
copper,  zinc,  phosphorus,  cadmiuxji,  and  ftickei; 
the  percentage  of. the  various  metals  included 
in  any  brazing  filler  metal  determines  the  color, 
strength,  melting  point,  and  flow  point  of  the 
brazing  filler  metal. 

Table  10-2  lists  the  brazing  filler  metals  com- 
monly used  in  the  Navy.  There  are  eight  dif- 
ferent filler  metals  — grades  0,  I,  II,  HI,  IV, 
V,  copper-phosphorus,  and  copper-zinc.  Grades* 
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Figure  10-1.— Welding  torch. 
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-Welding  tips. 


O  through  V  are  referred  to  as  silverbase  braz- 
ing'filler  metals* 

Grades  O,  I,  arid  II  are  suitable  for  joining 
ferrous  metals.  These  grades  are  relatively 
low  in  cost,  but  have  limited  use  in  the  field. 

Grade  III  is  intended  only  for  brazing  copper 
and  copper-base  alloys.  It  is  not  intended  for  use 
with  ferrous  metals* 

Grade  IV  is  used  for  joining  ferrous  and 
nonferrous  metals  except  those -having  melting 
points  lower  than  the  filler  metal.  For  example, 
it  should  not  be  used  on  aluminum  or  zinc 
alloys.  It  should  be  used  only  where  proper 
tolerances  can  be  maintained. 

Grade  V  is  used  when  the  characteristics 
of  Grade  IV  ,are  required  but  where  close 
tolerances  cannot  be  maintained  or  when  the 
addition  of  a  fillet  is  desired.  Grade  V  should 
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Table  10-1.— Tip,  sizes 


Tip  Size 
(Drill  Rod 
Gage  No.) 

Tip  Hole 
Dia.  Ins. 

Welding  Range-ins. 
Steel  Plate  Thickness 

66 

.031 

Up  to  1/16 

62 

.038 

1/16  -  1/8 

54 

.055 

1/8   -  1/4 

44 

.086 

1/4   -  1/2 

36 

.1065 

1/2   -  3/4 

30 

.1285 

3/4   -  1  1/4 

be  used  for  brazing  hard  materials;  for  ex- 
ample, it  should  be  used  to  braze  carbide  tool 
tips  to  steel  shanks. 

Copper-phosphorus  filler  metal  is  a  higher 
melting  point  substitute  for  Grade  III  brazing 
filler  metal.  It  is  intended  only  for  brazing 
copper  and  copper^base  alloys,  and  should  NOT 
be  used  on  ferrous  metals. 

Copper-zinc  filler  metal  has  a  higher  melt- 
ing-point than  copper-phosphorus  filler  metal, 
and  is  intended  for  brazing  steels.  However, 
18-8  stainless  steel  and  any  steel  that  is  to  be 
heat  treated  should  NOT  be  brazed  with  copper- 
zinc  filler  metal. 

FLUXES 

All  brazing  operations  require  the  use  ofr 
a  flux.  The  flux  acts  to  prevent  the  oxidation 
of  the  metal  surfaces  and  to  remove  oxides  al- 
ready present.  Flux  also  increases  the  flow 
of  the  brazing  filler  metal  and  increases  its 
ability  to  adhere  to  the  base  metal.  It  brings 
the  grazing  filler  metal  into  immediate  contact 
with  the  metals  being  joined,  and  permits  the 
filler  to  penetrate  the  pores  of  the  motal,  thus 
forming  a  strong  joint. 

The  fluxes  used  in  the  Navy  are  selected  in 
accordance  with  specifications,  so  as  to  mt3et 
the  requirements  of  brazing  with  silver-base, 
copper-base,  or  nickel-base  alloys.  For  best, 
results,  a  flux  must  become  active  at  a  tem- 
perature slightly  below  the  melting  point  of  the 
filler  matal,  and  must  remain  fluid  at  the  braz- 
ing temoorature.  Regardless  of  the  type  of 
flux  you  select,  it  is  most  important  that  you 
apply  it  in  such  a  manner  /  that  all  oxide  film 
is  removed. 
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Table  10-2. -Brazing  Filler  Metals  Commonly  Used  in  the  Navy 


Brazing  filler 
metal 

Grade 
.  No. 

Composition  (%) 

Melting  and 
flow  point* 

Shape 

Color 

Suggested  use 

Copper-silver 

o2 

Silver   20 

Copper  .  f  .  45 
Zinc  .....  35 

1430°  F 
1500°  F 

Strip 

Yellow  .  . 

Sealing  joints  operating  up  to 
1230#  F.  Suitable  for  joining 
ferrous  metals. 

Copper-silver 

I2 

Silver  ....  45 
Copper  .  .  .  30 
Zinc   25 

1250#  F 
1370* F 

Strip  or 
wire. 

Nearly 
white. 

Sealing  joints  operating  up  to 
1050#  F.  SuitableJor  joining 
ferrous  metals. 

Copper-silver 

-II2 

> 

Silver  ....  65 
Copper  ...  20 
Zinc   15 

1280* F 
1325* F 

Strip 

to 

White.  .  . 

High  silver  content  primarily  for 
color  match.  Suitable  for  joining 
ferrous  metals.  j 

Copper-silver 

ra * 

Silver  ....  i5 
Copper  ...  80 
Phosphorus  5 

1200°  F 
1300°  F 

Strip*  . 
or 

wire. 

Gray- 
white. 

For  brazing  copper  and  copper- 
base  alloys. 

Copper-silver 

IV 

Silver  ....  50 
Copper  ...  15 

Zinc   17 

Cadmium .  .  18 

1160°  F 
1175* F 

Strip 
or 

wire. 

Yellow- 
white. 

For  brazing  all  ferrous  and  non- 
ferrous  metals  except  those  having 
lower  melting  points.  Use  only 
where  proper  tolerances  can  be 
maintained. 

Copper-silver  , 

V 

Silver  ....  50 
Copper  ...  15 

Zinc   15 

Cadmium .  .  17 
Nickel ....  3 

1195°  F 
1270* F 

Strip 
or 

wire* 

Yellow- 
white. 

For  same  applications  as  Grade  IV 
but  where  close  tolerances  cannot 
be  maintained.  For  brazing  hard 
metals. 

Copper-phosphorus 

Copper  ...  03 
Phosphorus  7 

1300*  F 
1382*  F 

Strip 
or 

wire 

Gray- 
red 

For  brazing  copper  and  copper-base 
alloys;  do  not  use^on  ferrous 
metals. 

Copper-zinc 

Copper  >  .  .  50 
Zinc   50 

1600° F 

Wire 

Yellow 

Brazing,  steel  except  18-8  stainless 
and  steels  to  be  heat  treated. 

In  all  instances,  the  lesser  temperature  indicates  melting  point  and  the  higher  temperature  indicates  flow  point  of  the 
brazing  filler  metal. 

Grades  0,  I,  and  II  have  limited  use  in  the  field. 
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Flux  mav  be  obtained  in  three  forms:  liquid, 
paste,  and  "powder.  When  used  either  in  paste 
form  or  in  liquid  form,  the  flux  is  applied  with 
a  brush  to  both'  parts  of  the  joint;  best  results 
are  obtained  when  the  filler  metal  also  is  given 
a  coat.  Use  a  circular  motion  in  brushing  it 
on,  and  let  the  flux  extend  outside  the  joint 
or  fitting.  Brushing  the  flux  on  with  a  circular 
motion  gives  a  uniform,  coating  and  lessens  the 
possibility  of  bare  spots  that  will  oxidize  during 
heating.  When  used  in  powdered  form,  the  filler 
rod  can  be'  heated  and  dipped  into  the  powdered 

flux.  ,  . 

Borax  or  a  mixture  of  borax  and  other  chem- 
icals is  most  often  used  as  a  flux.  Up  to  a  certain 
point  heat  causes  borax  to  swell  and  bubble. 
Common  crystalline  borax,  although  it  appears 
perfectly  dry,  contains  approximately  47  percent 
water  of  crystallization  (water  which  is  chemical- 
ly combined  in  a  crystallized  substance) .  When  the 
borax  is  heated  this  water  is  driven  off,  causing, 
the  borax  "to  appear  to  boil.  Borax  may  be  mixed 
with  water  to  form  a  paste,  but  because  of  the 
ability  of  borax  to  hold  water,  it  will  quickly 
take  up  the  water  and  become  crystalline  borax 
again.  If  commercial  powdered  borax  is  used, 
see  that  it  is  kept  in  sealed  glass  jars. 


If  a  prepared  flux  is  not  available,  a  mixture 
of  -12  parts  of  borax  and  1  part  boric  acid  may 
be  used  as  a  flux  for  brazing. 

When  applying  flux  or  assembling  the  parts, 
avoid  handling  the  polished  parts  of  the  joint 
or  you  will  defeat  the  purpose  of  cleaning.  If 
the  coating  of  liquid  or  paste  flux  dries  be- 
fore the  parts  are  assembled,  a  fresh  coating 
of  flux  should  'be  applied.  Flux  should  always 
be  applied  as  soon  as  a  joint  area  is  cleaned, 
even  though  it  will  not  be  brazed  immediately. 
After  the  brazing  is 'completed,  wash  with  warm 
water  to  clean  away  all  fhe  residue  left  by  the 

^Nearly  all  fluxes  give  off  fumes  that  may  be 
toxic.  Thus,  fluxes  should  always  be  used  in 
WELL-VENTILATED  spaces. 

TYPES  OF  JOINTS 

Since  the  filler  metal  used  in  brazing  must 
be  distributed  by  capillary  action,  the  joints 
must  be  of  a  type  that  requires  closeness  of 
fit  In  brazing  there  are  three  basic  joint  designs 
(fig  10-3)-  lap,  butt,  and.  scarf.  The  joint  mem- 
bers in  which  these  designs  are  used  may  be 
flat,  round,  tubular  or  irregular  in  cross  section. 
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Figure  10-3.  — Joint  designs  for  brazing. 
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The  lap  (or  shear)  joint  design  is  used  most 
frequently  in  brazing,  especially  in  pipework. 
Good  practice  requires  a  length  of  lap /at  least 
three  times  the  thickness  of  the  metal  being 
ioin^J.  A  0.001-inch  to  0.003-inch  clearance  be- 
tween the  members  of  the  joint  provides  the 
greatest  strength  with  silver-base  brazing  filler 
metals. 

v  High  strength  butt  joints  can  be  made  if  a 
jdint  clearance  between  O.OOr  and  0.003  fnch 
^can  bo  maintained  in  the  finished  braze.  The 
edges  of  the  joint  must  be  perfectly  square  so 
that  a  uniform  clearance  exists  between  all  por- 
tions of  the  joint  surfaces.  Butt  joints  are  usually 
usod  where  the  double  thickness  of  a  lap  joint 
is  undesirable.  When  double  metal  thickness  is 
objectionable,  the  scarf  Joint  is  probably  better. 


A  scarf  joint  provides  an  increased  area 
of  bond  without  increasing  the  thickness  of 
the  joint.  The  area  of  bond,  however,  depends 
on  the  angle  at  which  the  edges  of  the  joint 
are  scarfed.  Usually,  an  are#of  bond-two  to 
three  times  that  of  &  butt  joint  in  the  same 
thickness  of  material  is  desirable.  A  scarf 
angle  of  30°  gives  a  bond  area  twice  that  of  a 
90°  butt  joint  and  a  scarf  angle  of  19  1/2°  gives 
a  bond  area  three  times  that  of  a  butt  joint. 

Many  modifications  of  these  basic  joint  de- 
signs are  employed.  In  some  instances,  the 
brazing  filler  metai  is  added  when  the  proper 
temperature  has  been  attained.  In  other  in- 
stances, the  filler  metal  is  preplaced  in  the 
joint  before  heat  is  applied.  This  technique  is 
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Figure  10-4.  — Flow  of  heat. 
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common  in  oipework  where  special  fittings  con- 
taining pre-inserted  rings  of  brazing  filler  metal 
are  employed;  The  technique  is  also  used  in  sheet 
metal  work  involving  locked  seams.  Here  the 
brazing  filler  metal  is  placed  in  the  seam 
before  it  is  locked.  The  pre-placed  insert  method 
produces  a  strong  leak-tight  joint  in  both  sheet 
#  metal  and  pipework* 

HEAT  FLOW 

Soma  knowledge  of  the  principles  of  heat 
flow  through  metals  is  necessary  for  an  under- 
standing of  brazing  techniques.  The  following 
discussion  will  brief  you  on  some  of  the  important 
factors  concerning  the  flow  of  heat  in  metals.. 

Heat  always  flows  from  a  hotter  area  to  a 
colder-  area*  The  process  by  which  heat  flows 
from  molecule  to  molecule  through  a  metal 
is  called  CONDUCTION.  Conduction  takes  place 
quite  rapidly  in  most  metals,  but  air  is  *  very 
poor  conductor  of  heat.  Therefore,  it  two  pieces 
of  metal  that  are  to  be  Joined  by  brazing  are  not 
in  contact  with  each  other,  each  piece  must  be 
heated  separately.  If  the  two  pieces  are  in  con- 
tact with  each  other,  you  can  heat  them  both 
by  applying  heat  to  one  of  them;  the  second 
piece  will  be  heated  by  conduction  from  the  first 
piece.  These  principles  are  illustrated  in  figure 

In  the  molten  state,  filler ,  metal  flows  from 
the  colder  towards  the  hotter  areas  on  a  heated 
surface.  Thus,  you  might  say  that  the  filler  metal 
flows  in  a  direction  OPPOSITE  to  the  direction 
of  flow  of  the  heat.  This  principle  is  illustrated 
in  figure  10-5. 

The  brazing  filler  metal  and  the  flux  used 
in  brazing  cannot  occupy  the  same  space  at  the 
same  time.  Therefore,  a  clearance  must  be 
provided  in  the  setup  of  <  the  joint  so  that  the 
filler  metal  can  flow  in  and  the  flux  can  flow 
out.  Heat  should  be  applied  in  the  manner  shown 
in  figure  10-6  so  that  the  flux  will  flow  out  when 
the  filler  metal  reaches  the  bonding  temperature. 

Heat  travels  faster  through  some  metals 
than  thfcugh  others  (fig,  10-7),  Although  all 
metals  and  alloys  have  high  conductivity  as  com- 
pared with  most  other  substances,  there  is  a 
>eood  deal  of  variation  in  the  speed  with  which 
various  metals  and  alloys  will  conduct  heat.  Cop- 
per, for  example,  is  a  very  rapid  conductor  of 
heat.  When  two  pieces  of  different  metals  are 
to  be  Joined  by  brazing,  the  difference  in  heat 
conductivity  of  the  two  metals  causes  some 
problems  in  heating.  For  example,  if  you  are 
trying  to  join  a  steel  part,  and  a  copper  part  by 
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Figure  10-5.  —  Flow  of  molten  filler  metal. 

brazing,  you  will  find  that  the  steel  part  reaches 
the  joining  temperature  more  rapidly  and  has  a 
tendency  to  overheat  because  th6  heaths  carried 
away  from  it  moro^slowly.  The  copper  part, 
on  the  other  hand,  conducts  heat  away  from  the 
brazing  area  more  rapidly  than  the  steel  ^p  art  _ 
does.  Therefore,  more  heat  is  required  to  bring 
the  copper  part  to  the  brazing  temperature. 

As  you  can  see,  control  of  heat  is  one  of 
the  most  difficult  parts  of  brazing.  In  order 
to  control  heat  properly,  you  must  learn  to 
manipulate  the  torch  correctly  and  you  must 
remember  the  points  just  discussed  concern- 
ing the  flow  of  heat  through  metals.  Basically, 
the  problem  of  heat  control  in  brazing  is  one 
of  bringing  BOTH  parts  to  the  correct  tem- 
perature at  the  same  time.  If  one  piece  is  hot 
enough  but  the  other  is  not,  the  filler  metal 
will  flow  oqto  the  hot  piece  but  it  will  not  bond 
to  the  cooler  piece.  ( 

POINTERS  ON  TORCH  BRAZING 

To  obtain  satisfactory  results  in  torch  braz- 
ing, it  is  important  that  the  metal  be  properly 
cleaned  before  starting  to  braze.  The  metal  should 
be  free  from  OIL,  GREASE,  OXIDES,  DIRT, 
SCALE,  and  RUST.  Oil  or  grease  will  tend  to 
rfepel  the  flux  and  will  leave  bare  spots  that  will 
oxidize  under  heat.  Oil  or  grease  also  will 
carbonize  under  heat  and  will  leave  a  film  on  the 
metal.  Oxides  are  to  be  avoided  because  the 
alloys  will  not  flow  over,  or  bond  to.  them.  Dirt, 
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*WA\nr  ARROWS  INDICATE  PATH  OF  HEAT  THROUGH  CYLINDRICAL  PARTS 


SOURCE  OF  HEAT 


FLUX' 
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HEAT  APPLIED  ON  PIECE  ±  AS 
SHOWtf  WILL  FIRST  MELT  FILLER 
METAL  BEFORE'FLUX  IS  COMPLETELY 
FLUID.  FLUX  REMAINS  IN  PLACE 
AND  FILLER  METAL  WILL  REMAIN  IN 
RECESS  AS  PIECE  8  , BEING  COLD, 
WILL  ACT  AS  A  CHILL  ON  BOTH. 


SOURCE  OF  HEAT 


HEAT  APPLIED  ON  PIECE  B  AS 
SHOWN  WILL  FLOW  THROUGH  TUBE 
T,0  FLUX.  MELT  FLUX  AND  SWELL 
PIECE  B/  MAKING  METAL- TO-METAL 
CONTACT.  THIS  ALSO  FORCES  FLUX 
OUT  OF -THE  CLEARANCE  AREA. 


SOURCE  OF  H 


IF,  AFTER  APPLYINcThEAT  ON 
PIECE  ^CAUSING  FtUX  TO  MELT 
AND  MAKING  METAL-TO- METAL 
CONTACT,  HEAT  IS  THEN  APPLIED 
TO  POSITION  1  AND  POSITION  2 
ALTERNATELY,  THE  FILLER  METAL 
WILL  MELT  AND  FLOW  OUT  OF  GROOVE 
INTO  AREA  PREVIOUSLY  OCCUPIEO 
BY  FLUX. 


'Figure  10-6.  —  How  c 

scale,  and  rust  must  be  removed  in  cleaning 
because  the  alloy  will  not  bond  to  these  mate- 
rials. Proper  application  of  the  fjUix  also  will 
be  prevented  if  the  metal  is  not  free  of  dirt, 
scale  and  rust.  To  clean  the  metal,  use  emary 
cloth  or  steel  wool.  Or,  if  y$u  prefer,  an  accepted 
cleaning* solvent  — such  as  solutions  of  trichloro- 
ethylene  or  trisodium  phosphate  —  may  be  used. 
Do  not  use  sandpaper  due  to  possible  inclusion 
of  silicon  particles* 

Parts  to  be  brazed  should  b€)  assembled  on 
firebricks  or  some  other  suitable  means  of 
support.  Jigs  also  will  be  needed  frequently  to 
hold  the  work  in  place.  Supports  and  jigs  should 
absorb  as  little  heat  as  possible.  / 

If  you  have  heavy  and  thin  metal  sections' 
to  braze  together,4  be  careful  to  avoid  over- 
heating the  thin  part.  £  good  example  is  the 
brazing  of  thin  copper  tubing  to  a  heavy  cast 
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fitting.  If  the  same  amount  of  heat  were  applied 
to  the  tubing  as  to  the  casting,  the  tubing  would 
be  overheated  and  probably  burned.  Therefore, 
most  of  the  heat  must  be  directed  toward  the 
heavier  part.  Frequently,  heavy  parts  and  large 
areas  must  be  preheated  for  best  brazing  results. 
Preheating  may  be  done  with  a  forge,  furnace, 
oil  burning  torch,  gasoline  torch,  or  with  a 
welding  torch. 

When  applying  heat  with  the  oxy  acetylene  torch 
for  brazing  with  a"  silver-base- filler  metal,  use 
a  neutral  or  slightly  reducing  flame.  Select  a 
torch  tip  to  suit  the  type  of  work  you  are  doing. 
Ordinarily  a  size  4,  5  or  6  tip  is  suitable  for 
brazing  bar  stock.  Keep  the  inner  cone  of  the 
flame  from  1/4  to  1/2  inch  away  from  the  metal. 
Play  the  flame  over  the  surface  with  a  circular, 
sweeping  motion,  so  that  you  obtain  uniform 
heating  of  the  parts  to  be  joined.  The  flame 
should  be  solf  so  that  it  will  not  blow  or  boil 
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THIS  END  WILL 
BECOME  RED  AFTER 
LONG  HEATIN6 


NICKEL  COPPER  ALLOY 
MEDIUM  CONDUCTIVITY 


THIS  END  WILL 
BECOME  RED  HOT  f 
VERY  QUICKLY  L 

SHADED  AREAS  SHOW  COMPARATIVE  RATE  OF  HEAT  TRAVEL  THROUGH 
DIFFERENT  METALS  WHEN  HEATED  AT  THE  ENDS  WITH  THESAME  SOURCE 
AND  AMOUNT  OF  HEAT  AND  FOR  THE  SAME  LENGTH  OF  TIME. 


11.121 


Figure^HM.-Relative  rate  of  heat  flow  through  copper,  copper-nickel  alloy,  and  steel. 


Othe  molten  filler  metal.  If  possible  do  all  heat- 
ing from  the  back  side  of  tlie  joint  being  brazed. 
This/  procedure  will  not  burn  the  flux  or.  melt 
the  filler  metal  prematurely. 

Bring  up  the  temperature  of  the  parts  until 
the  flux  on  them  is  melted.  Continue  heating  the 
narts  to  be  joined  until  they  are  hot  enough 
to  melt  the  filler  rod.  The  filler  should  be 
melted  by  the  heat  of  the  joint,  not  by  the  flame. 
It  should  flow  like  water  wherever  the  flux  has 
been  applied.  Avoid  overheating.  Use  just  enough 
heat  to  get  the  parts  of  the  joint  hot  enough 
to  melt  the  filler. metal  so  that  it  can  flow. 

The  amount  of  flux  used  depends  upon  the 
heating  time  of  the  metals  being  brazed.  Ordi- 
narily, a  thin  layer  of  flux  is  used  on  soft 
oxides  such  as  copper,  while  a  heavy  coating  of 
flux  is  required  on  hard  oxides  such  as  stain- 
less steels.  The  longer  the  heating  time,  t\e 
more  flux  required.  It  is  suggested  that  you 
think  of  flux  as  a  blotter,  absorbing  oxides  in  the 
same  mariner  as  a  blotter  absorbs  ink.  When 
the ,  entire  blotter  is  saturated,  then  you  need 
another  blotter,  same  as  you  need- more  flux 


when  what  you  *  have  becomes  saturated  with 

oxides.  .  ; 

With  experience  you  will  learn  how  to  use 
flux  as  a  guide  for  alloy  placement  and  proper 
temperature.  At  various  (approximate)tempera- 
tures,  certain  conditions  can  be  expected  in  the 
flux,  as  indicated  below. 

At  212°  t,  the  water  boils  off  the  flux. 

At  600°  F,  the  flux  becomes  white,  slightly 
puffy  and  starts  to  work. 

At  800°  F,  the  flux  has  a  milky  appearance 
and  lays  against  the  surface. 

At  1100°  F,  the  flux  is  completely  clear  and 
active  and  has  the  appearance  of  water. 

At  1600°  F,  the  flux  burns  and  turns  black. 

Slow  and  uniform  cooling  is  essential  for  a 
good  brazed  joint.  You  can  control  the  rate  of 
cooling  by  postheating  the  joint;  but  if  the  whole 
joint  is  to  cool  at  a  uniform  rate,  the  lightest 
or  thinnest  metal,  which  will  naturally  coolf aster 
^jftan  the  heavy  sections,  must  receive  most  of 
^thg  postheating.       ,  ■       ,  '  ' 

AVOID  placing  any  stress  upon  a  brazed  joint 
until  it  has  "cooled  to  below  500°  Ff  since  the 
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filler  metal  has  a  low  tensile  strength  at  tem- 
peratures higher  than  this  point.  This  is  a  reason 
for  never  attempting  to  hot-work  a  brazed  joint, 
although  it  can  be  cold-worked  and  annealed 
without  damage. 

MAKING  BRAZED  JOINTS 

Silver-base   alloys  are  commonly  used  as 
filler  metal  for  brazing.  Although  filler  metals 
other  than  silyer-base  alloys  are  often  employed, 
the  technique  for  making  a  brazed  joint  is  basic- 
,  ally  the  same.  A  main  difference  is  the  amount 
40  of  .heat  necessary  to  melt  the  filler  metal,  which 
*     in  all  instances  is  below  the  melting  point  of  the 
base  metals.   Silver   brazed  joints  have  high 
strength  on  ferrous  and  nonferrous  metals.  The 
strength  of  a  properly  made  joint  will  exceed  that 
of  the  metals  joined.- On  stainless  steels  it  is  pos- 
sible to  develop  a  joint  tensile  strength  of  approx- 
imately 130,000  psi.  Since  brazing  with  silver- 
base  alloys  is  typical  of  brazing  generally,  we 
are  especially  interested  here  in  the  use  of  these 
materials  as  filler  metal.  What  is  said,  though, 
applies  equally  to  brazing  with  other  filler  metals 
that  are  distributed  by  capillary  attraction. 

Two  methods  are  used  to  make  joints  be- 
tween tubes  and  fittings  in  piping  systems  with 
silver-base  brazing  filler  metal:  the  INSERT 
method,  and  the  FEED-IN  method.  With  either 
method,  the  parts  must  be  adequately  supported 
during  heating.  It  is  also  important  that  the 
work  be  held  firmly  cin  position  until  the  braz- 
ing filler  metal  has  completely  solidified. 

When  using  the  INSERT  paethod,  s  strip  of 
the  silver-base  filler  metfcl  is  inserted  in  the 
joint  prior  to  assembly.  Before  brazing  the 
parts,  clean  them  with  emery  cloth,  steel  wool, 
or  an  accepted  cleaning  solvent.  Apply  flux  with 
a  brush.  Next,  fit  the  two  parts  together  and 
align  them.  Then  light  off  the  torch  and  direct 
tfce  heat  on  the  tube  or  thinner  portion  as  shown 
in  view  A  of  figure  10-8.  The  lines  drawn  on 
the  tube  indicate  the  path  of^the  torch  while 
heating  the  tube. 

Heat  applied  to  the  tubing  causes  it  to  swell 
and  bring  the  surface  of  the  tube  into  contact 
with  the  inside  surface  of  the  fitting.  This  closes 
th6  clearance  area,  forcing  the  flux  from  either 
end  of  the  joint.  Be  sure  to  heat  the  entire 
circumference  of  the  tube  until  flux  begin3  to 
flow.  Flux  flow  tells  you  that  thet  tube  has 
expanded  sufficiently  and  is  the  signal  to  pro- 
ceed to  the  second  phase  of  heating.  As  soon 
as  the  flux  flows  freely  — about  6  seconds  iftgr 
fluidity  becomes  apparent  — direct  the  flame  to 


that  portion  of  the  fitting  hub  farthest  from 
the  junction  of  the  tube  and  the  fitting.  Rotate 
the  flamo  over  the  joint  segment  until  brazing 
filler  metal  appears  at  the  junction  of  the  pipe 
and  fitting.  At  that  moment,  flick  the  torch  away 
so  that  the  flame  wipes  toward  the  pipe.  This 
completes  one  sigment  of  the  joint.  The  pro- 
cedure is  repeated  until  all  segments  are  com- 
pleted. A  satisfactory  joint  shows  a  continuous 
ring  of  filler  metal  at  the  end  of  the  fitting.  The 
ring  must  be  smooth  and  coricave. 

p  In  the  insert  method  the  filler  metal  will 
not  leave  the  recess  unless  both  parts  are  at 
the  proper  bonding  temperature.  If  one  of  the 
parts  is  up  to  temperature  and.the  other  i§  not, 
the  filler  metal  will  not  flow  because' it  will 
be  cooled  or  quenched  by  the  surface  not  yet 
up  to  temperature.  By  playing  the  torch  over 
a  2-inch  or-  3-inch  section  of  the  fitting  you 
can  cause  the  fitting  to  stretch  or  open  up  and 
let  whatever  remaining  fliitf  is  present  run  out. 
Then  hold  the  torch  off  the  work  and  the  fitting 
will  return  to  normal  s,ize  and  force  the  filler 
metal  to  the  edge  of  .the  fitting.  You  may  be 
sure  that  a  good  joint  is  formed  when  you  can 
see  the  filler  metal  at  one  or  both  edges  of  the  „ 
joined  area.  Figure  10-9  shows  the  step-by- 
step  process  of  brazing  by  the  insert  method. 

The  FEED-IN  METHOD/  sometimes  called 
the1  STICK-FEED   METHOD,   is  accomplished 
by  feeding  the  filler  metal  by  hand  into  the 
area  to  be  joined.  In  this  method,  remember 
that  the  filler  metal  always  flows  along  a  heated 
surface  from  the  cooler  to  the  hotter  section. 
In  other  words,  the  filler  metal  flows  toward 
the  source  of  heat  or  to  the  point  where  the 
heat  is*  being  applied.  In  this  method,  feed  the 
filler  metal  to  the  outer  edge  of  the  joint  while 
directing  heat  to  the  inner  edge  of  the  joint. 
Figure  10-10  illustrates  the  step-by-step  tech- 
nique for  brazing  a  joint  by  the  feed-in  method. 

The  parts  to  be  joined  are  cleaned  and 
fluxed  in  the  same  manner  as  in  the  insert 
method.  When  the  parts  are  fitted  together  the 
clearance  area  is  filled  with  flux.  After  align- 
ing the  parts,  in  the  caefc  of  a  tube  and  fittings 
heat  the  tube  as  previously  described. 

Heat  is  then  applied  to  the  fitting  or  the 
inrier  edge  of  the  joint  at  the  same  time  that 
the  filler  metal  is  fed  at  the  outer  edge  of 
the  joint.  As  the  filler  metal  will  flow  toward 
the  hottest  section,  it  will  flow  through  the 
joint  toward  the  point  at  which  the  heat  is 
being  applied.  In  using  this  method  you  must 
determine  wheo  both  parts  are  properly  heated  * 
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Figure  10-8.— Applying  heat 

and  when  to  feed  the  filler  metal.  You  must 
also  determine  when  sufficient  filler  metal  has 
been  fed  into  the  joint  to  completely  fill  the 
space  between  the  two  parts  being  joined.  Skill- 
ful torch  manipulation  is  necessary  to  apply 
heat  to  the  proper  point  to  cause  the  filler  metal 
to  flow  from  the  cooler  to  the  hotter  section. 
In  the  feed-in  method,  filler  metal  visible  at  the 
edge  of  the  joint  does  not  necessarily  indicate 
that  the  entire  joint  is  filled. 
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for  brazing  a  tube  and  fitting. 

The  difference,  then,  between  making  a  joint 
by  the  insert  method  and  with  the  feed-in  method 
is  in  procedure.  When  using  thef  insert  method, 
you  heat  a  section  and  remove  the  torch  with 
a  wiping  motion  which  causes  the  filler  metal 
to  flow  from  the  insert.  In  the  feed-in  method, 
after  you  heat  a  section,  the  flame  must  be 
directed  to  the  inside  edge  of  the  joint  while  the 
filler  metal  is  being  fed  in  at  the  outside  edge 
of  the  fitting. 
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FILLER  METAL 


FLUX 


© 


FILL  CLEARANCE  AREA  WITH 
FLUX. 


HEAT  °!PE  AT  MA**  TO  SWELL  IT  UP 

at:.  *.  x\c  zurst.'.E  m  contact 

KITH  INSIDE  S'J^rr/.CE  OF  FITTING 
CLEARANCE  AREA  CLOSES. 


© 


HEAT  2-INCH  SECTION  OF 
•FITTING  BY  WIPING  FLAME 
FROM  MBM  TO  MA°.  SECTION 
STRETCHES;  FILLER  METAL 
AND  REMAINING  FLUX  FLOW 
OUT. 


© 


' S\    FILLER  METAL 


HOLD  TORCH  OFF  THE  WORK  ALLOWING 
FITTING  TO  UNSTRETCH  AND  FtfRCE 
FILLER  METAL  TO  EDGE  OF  FITTING. 
(IF  NO  FILLER  METAL  SHOWS  AT  EDGE 
OF  FITTING  REPEAT  PROCEDURE.) 
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Figure  10-9. Insert  method  of  brazing. 
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FLUX 

FILL  CLEARANCE  AREA  WITH  FLUX 


HEAT  PIPE  AT  MA"  TO  SWELL  IT  UP 
AND  BRING  SURFACE  IN  CONTACT 
WITH  INSIDE  SURFACE  OF  FITTING. 
£LEARA^CE  AREA  CLOSES. 


© 


H.AX  FITTIHG  FROM  MB"  Tp  MC" 
Ci^MKArtCE  At*    \  »;PENS  UP,  AND 
FILLER  METAL  ,1  Af'  -'.IED  AT  EDGE 
AS  FLUX  FLOWS  OUT. 


© 


CONTINUE  HEATING  AT  "B" 
TO  ALLOW  FILLER  METAL 
TO  FLftWMN, 
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HEAT  ENTIRE  JOINT  TO  COMPLETE 
BOND  BETWEEN  PIPE  AND  FITTING, 
MAKING  SMOOTH  FILLET  AT  THE  EDGE. 
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Figure  10-10.  —  Feed-in  method  of  brazing. 
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After  the  Joint  has  been  completed  and  cooled 
clean  the  joint  area  with  a  wire  brush  and  warm 
water.  This  will  remove  flux,  scale,  and  dis^ 

colo*ation.  ^   ,  . 

The  description  of  the  brazing  techniques 
in  the  preceding  paragraphs  applies  specifically 
to  joints  -between  tubes  and  fittings  in  piping 
systems.  Except  for  minor  differences,  the  pro- 
cedure is  the  same  when  brazing  sheet,  strap, 
or  bar  stock.  Here,  though,  the  feed-in  rather 
than  the  insert  method  is  usually  employed.  Lap 
joints  are  used  with  material  less  than  1/8  inch 
thick,  while  scarf  joints  (see  fig.  10-13)  are 
usually  employed  when  section  thickness  is 
ereater  than  1/8  inch,  The  following  description 
points  out  the  difference  .between  pipe  brazing 
and  seam  brazing. 

SEAM  BRAZING 

Seam  brazing  requires'some  means  for  hold- 
ing the  parts  in  position.  Short^pieceif  can  be 
clamped  or  riveted  at  the  ends.  Lonfeer  pieces 
are  wired  to  size  by  using  wire  clamps.  After 
wiring  or  clamping  the  parts  in  position,  place 
additional  flux  along  the  outside  of  the  seam.  Then, 
tack  weld*  both  ends  of  the  seam.  Additional 
tack  welds  are  made  along  the  seam  approx- 
imately' 8  inches  apart.  To  make  a  tack  weld, 
direct  the  flame,  to  both  parts  of 'the  seam  on 
a  spot  approximately  6  Inches  in  diameter.  As 
scon  as  the  flux  becCmes  liquid  in  this, spot, 
direct  the  flame  to  the  sheet  forming  the  under- 
neath-part  of  the  seam.  Place  a  layer  of  braz- 
ine  filler  metal  approximately  1  inch  long  on 
the  edge  of-  the  seam.  Now  direct  the  flame 
to  the  sheet  forming  the  upper  part  of  the  seam. 
This  will  draw  the  brazing  filler  metal  through 
the  joint,  completing  the  tack  weld.  When  all 
tacks  Jare  completed  the,  ^am  is  ready  for 
brazing.  {  - 

The  seam  is  br  azed  *n  sections  4  or  5  inches 
in  length.  Start  the  braze  about  3  inches  away 
from  the  tack  at  the,  edge  of  the  seam.  Hold 
the  torch  so  that  the  flame  is  .pointed  in  the 
direction  that  brazing  is  to  be  accomplished, 
directing' the  flame 'first  , along  One  sheet  and 
then  along  the  other  until  the  flux  becomes  liquid. 
When  this-occurs,  direct  the  il^mq  to  the^heet 
forming  the  underneath  part  of  the  seam  and, 
at  the  same  time,  deposit  a  layer  of  filler -metal 


O 


along  the  joint  until  the  entire  seam  has  been 

completed.  t  ,  _ 

Remember  that  brazing  filler  metal  flows 
along  a  sheet  in  the  direction  of  the  hottest 
point.  This  point  is  usually  where  the  torch  flame 
is  being  applied.  Apply  heat,  long  enough  to  draw 
the  filler  metal  through  the  seam.  Care  should 
he  taken  to  avoid  forming  beads  or  globules 
along  the  inside  edge  of  the  seam. 

DISASSEMBLING  ' 
TORCH-BRAZED  JOINTS, 

Repairs  to  or  alterations  of  a  piping  system 
often  involve  "the  disassembly  of  torch-brazed 
joints.  For  operations  of  this  kind,  use  a  tip 
one  or'  two  sizes  larger  than,  that  used  tor 
brazing  a  "similar  joint.  The  fitting  or  tube 
must  be  held  securely  in  a  fixed  position  before  „ 
heat  is  applied.  With  the  exception  of  the  initial 
tube  heating  phase,  the  same  rotary  torch  manip- 
ulation previously  described  for  making  the  joint- 
is  employed  for  breaking  the  joint.  Cover  the 
joint  with  flux  and -use  it  to  gageihe  temperature. 
Add  a  little  new  filler  metal  while  heating.  When 
the  filler  metal  flows,  pull  the  parts  apart. 

Fittings  and  valves  are  easily  damaged  by 
shock  when  they  are  hot.  For  that  reason,  handle 
them  carefully  and  NEVER  use  a  hammer  to 
disassemble  a  joint.  Tubes,  pipes,  and  fittings 
removed  from  a  system  can  be  eleaned,  resized, 
and  used  again  if  inspection  reveals  that  they 
•  are  in  satisfactory  condition.  Reassembly  is 
accompUshed  by  the  same  method  as  that  em- 
ployed for  new  installations. 

BRAZING  SAFETY 

Most  brazing  operations- do  not  involve  any 
special  hazards  not  common  to  other  welding 
processes.  Except  for  special  precautions  to 
be  observed  in  using,  certain  brazing  materials, 
'  normal  ventilation  is  adequate  for  brazing  op- 
erations. 

Make  sure  you  exercise  care  in  handling  not 
objects.-  Steelworkers  performing  brazing  op- 
erations must  wear  suitable  clothing,  including 
safety  type  shoes,  which  will  provide  protection 
against  neat  and  falling  objects.  Welding  goggles 
should  also  be  worn.  Information  on  protective 
clothing  and  welding  goggles  4s  given  in  chapter 
7  of  this  manual,  If  necessary,  go  back  to 


that  section.  Repeat' this  procedure  continuously     rubber  gloves  ,  or  protective  cream  ? 
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the,  flux  from  getting  to  the  skin  or  under 
ting*  *  i  '  ill.  bcme  brazing  filler  metals  contain 
^toxic  materials  and  some  fluxes  contain  fluorides 
and  other  fluorine  compounds.  Therefore,  special 
creations  in  the  use  of  such  filler  metals 
ukJ  f{  i\.s  without  harmful  effects  must  be 


BRAZE  WELDING 

Tiw  term  BRAZE  WELDING  rcfer^  to  the 
process  of  joining  metals  with  an  alloy  of  copper 
-  and  zinc  as  the  filler  metal,  or  more  exactly, 
the  bonding  agent.  The  joint  designs  usedin  braze 
welding  ,are  similar  to  those  employed  m  oxy- 
acet)lene  welding.  In  many  instances,  braze  weld- 
ing produces  a  joint  stronger  at  the  bond  than 
the  parent  metal.  You  may  also  hear  braze 
welding  called  BRAZING,  as  well  as  BRONZE 
WELDING. 

Braze  w«lding  is  similar  in  some  ways  to 
tttfch  brazing.  In  both  processes,  a  filler  metal 
with  a  melting  point  lower  than  the  base  metal 
is  used.  Too,  a*nonferrous*filler  metal  is  used 
in  both  processes.  Braze  welding  and  tor9h braz- 
ing also  are  similar  in  that,  in  both  processes, 
ONLY  the  filler  metal  is  melted  — not  the  base 
metal. 

There  are,  of  course,  differences  between 
torch  brazing  and  braze  welding.  A  main  differ- 
ence is  that  in  torch  brazing  the  filler  m$tal  is 
distributed  into  the  joint  by  capillary  attraction, 
while  in  braze  welding  the  filler  metal  is  dis- 
tributed into  the  joint  by  a  process  of  tinning. 
Closely  related  to  this  difference  is  the  fact 
that  different  joint  designs  are  used  in  the  two 
processes. 

In  braze  welding,  the  surface  of  the  base  metal 
is  said  to-be  TINNED  when  a  very  thin.continuous 
film  :»f  filler  metal  precedes  the  main  part  of  the 
filler  metal,  thus  preparing  the  way  for  the 
main  part  of  the  filler  metal. 

Tinning  can  only  occur  on  metal  that  has" been 
.cleaned,  flu  zed,  and  heated  to  the  correct  tem- 
perature. If  tinning  does  not  occur,  the  main 
part  of  the  filler  metal  will  not  adher^to  the 
base  metal. 

The  fact  that  braze  welds  are  made  with- 
out molting  the  base  metal  .greatly  simplifies 
the  wulJing  procedure.  Since  braze  welding  re- 
luire?  less  heat,  the  speed  oft  welding  is  in- 

Ik^.uuc  ul  the  lower  temperatures  required 
JYu  ttinze  welding,  preheating  is  also  easier. 
As  a  rule,   braze  welding  operations  can  be 


done  with  only  local  preheating— that  is,  pre- 
heating bnly  that  portion  of  the  part  to  be  braze 
^veljted.  In  many  cases,  this  makes  it  possible 
to  ffepoir  broken  castings  and  other  parts  in 
pla$Qt  thus  saying  the  time  and  expense  of  dis- 
asscmblir^  and  reassembling.  < 

Braze  welding  is  very  useful  for  repairing 
cast  iron  and  steel.  This  process  also  is  used 
on  brass  and  copper.  Braze  welding  is  widely 
used  in  the -repair  of  gray  iron  castings.  Not 
only  is  it  ur*ed  for  repairing  broken  castings, 
but  also  in  the  repair  of  parts,  such  as  gear 
teeth.  Pistons,  guidd&,  and  other  sliding  sur- 
faces on  pumps,  engines,  and  machinery  parts 
are  usually  hard  faced  but  may  be  repaired 
$nd  rebuilt  by  braze  welding. 

Braze  welding  should  not  be  used  for  the 
repair  or  rebuilding  of  castings  where  the  dif- 
ference in  color  between  the  filler  metal  and 
cast  iron  would  be  objectionable.  Nor  should 
braze^welding  be  used  to  join  parts  which  wilt 
be  subjected  to  temperatuxw-tirgher  than  650°F. 
Braze  welcLng  should  not  be  used  to  repair  work- 
ing parts  or  containers  used  in  chemical  pro- 
cesses. ^ 

The  best  filler  metal  for  braze  welding  is 
a  naval  brass,  which  has  a  copper-zinc  ratio 
of  about  60  percent  copper  and  40  percent  zinc. 
This  ratio  produces  the  best  combination  of 
high  tensile  strength  and  ductility.  The  filler 
metal  possesses  considerable  strength  when  hot 
and  has  the  narrowest  freezing  range  (solidifies 
quicker)  of  the  entire  usable  copper-zinc  com- 
binations. This  is  an  additional  advantage,  as 
a  quick-freezing  filler  metal  has  much  better 
weldability  than  one  which- remains  mushy  .over 
a  wide  teinperature  range. 

Most  of  the  commercial  braze  welding  filler 
metals  are  modifications  of  this  60/40  copper- 
zinc   alloy,  with  small  additions  of  tin,  iron,  * 
nickel,  manganese,  silicon,  and  other  elements. 

Strong  braze  welded  joints  depend  on  proper 
preparation,  the  use  of  the  correct  technique, 
the  strength  of  the  filler  metal,  and  coalescence 
of  the  filler  metal  and  the  base  metal,  The 
strength  p£I  £  braze  welded  joint  does  not 
depend  upon  a  thin  film  of  filler  metal  between 
close  fitting  surfaces  as  is  the  case  in  a 
soldered  or  a'  brazed  joint.  Heavy  deposits  of 
silverrbase  filler  metals  have,  low  strength 
values,  but  heavy  deposits  of  coppei^base  braze 
welding  filler  jnetals  frequently  attain  strength 
comparable  to -welded  joints. 

Adequate  preparation,  which  includes  thorough 
cleaning,  is  essential  in  braze  welding.  Remove 
all  foreign  matter  —  oil,  grease,  oxides.  The  metal 
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on  the  underside  as  well  as  on  the  top  of  the 
joint  must  be  bright,  and  cjean.  If  the  parts 
to#fc  joined  or  repaired  axe  thin  (less  than 
1/4  inch)  iris  not  necessary  to  44 V"  the  edges 
—  unless  the  metal  is  3/16M  cast  iron,  in  which 
case  it  would  be  best  to  V  the  edges  for'proper 
penetration*  If  the  cross  section  of  the  »base 
metal  is  1/4  inch  or  larger,  the  edges  nust  be 
beveled  to  about  a  60°  included  angle.  In  bevel- 
ing remove  as  little  metal  as  possible  depending 
upon  the  thickness. 

The  edges  can  be  beveled  by  grinding,  by 
sanding  with  a  portable  sander,  or  by  filing  and 
wirebrushing.  Do  not  grind  cast  iron  or  malleable 
iron  for  braze  welding,  because  the  grinding  will 
tend  to  smoar  the  graphite  particles  over  the. 
surface  in  such  a  way' a^to  interfere  with  the 
tinning.  Remember,  too,  that  it  is  not  good  prac- 
tice to  beyel  the  welding  V  with  a  torch,  unless 
the  'oxides,  and  free-  graphite  are  removed^ rom 
the  surface  before  braze  welding.  If*  you  should 
have  a  job  involving  cast  iron  or  malleable 
iron  and  machining,  grinding,  or  torcfc-beveleing 
should  become  necessary,  then  finish  the  sur- 
faces by  filing  and  wirebrushing.  You  can  also 
remove  the  graphite  smear  by  heating  the  parts 
to  a^tull  red  with  an  oxidizing  flame.  The  metal 
for  at  least  1/2  inch-  back  from  the  top  edge 
of  the  V  should  be  thoroughly  cleaned  to  permit 
easy  tinning.  Without  tinning,  a  satisfactory 
braze-welded  joint  is  impossible. 

The  parts  must  be  placed  in  proper  align- 
ment and  kept  in  their  relative  positions  during 
the  brazing  process.  You  can  best  accomplish 
this  by  using  clamps  and  by  tack  welding. 

In  braze  welding,  a  casting  must  be  heated 
^long  the  line  of  the  weld.  This  sets  up  strains, 
due  to  expansion  and  contraction,  unless  the-cast- 
ing  is  properly  preheated.  In  a  small  casting, 
up  to  about  a  hundred  pounds,  the  heat  from  the 
torch  is  sufficient  to  preheat  the  entire  casting. 
Larger  castings  should,  however,  i>e  thoroughly 
preheated  to  approximately  900°F  and  not  over 
lOOOT.  (Besides  providing  for  the  relief  of 
stresses)  preheating  speeds  up  the  braze  geld- 
ing operation  and  requires  less  oxygen  and 
acetylene. 

Preheating  can  be  done  with  a  torch,  with 
an  improvised  firebrick  furnace  covered  with 
asbestos  paper,  or  with  an  oil  or  gas  burner. 
At  times,  castings  attached  to  a  machine  may 
be  welded  in  place.  Often  such  castings  can  be 
preheated  by  playing  the  flame  along  the  line 
of  the  weld  and  protecting  the  surrounding  sur- 
faces with  asbestos  paper.  Large  castings  should 
.be  postheated  to  relieve  stresses;  the  amount 


of  postheat  depends  upon  the  thickness  of  the 
casting. 

The  use  of  a  flux  is  essential  in  braze  weld- 
ing with  an  oxyacetylei)e  flame.  It  is  needed  for 
two  reasons:  (1)  to  Remove  oxide  thaf~forrtis 
ahead- Of  the  welding  zone,  due  to  the  oxygen  in 
the  air;  and  (2)  to  dissolve  the  oxides  formed 
in  the  braze  wfcldmg  operation.  Use  plenty  of 
flux  in  the  tinning  operation,,  but  in  filling  the  V 
use  flux  spanng'y.  When  you"  see  that  additional 
flux  is  required,  acjd  it  carefully.  The  puddle- 
should  not  be  made  rtiirror  clear  but  left  slightly 
clouded  with  oxide.  Where  the  braze  welding  is 
rapick  it  is  best  to  coat  the  rods  entirely  with 
flux.  If  the  operation  is  slow,  as  with  heavy 
castings,  you  can  deip  the  hot  end  of  the  welding 
rod  into  the  flux  and  add  to  the  puddle  as  re- 
quired. 

For  brjtze  welding  a  slightly  oxidizing  flame 
is  used.  Periodic  checks  should  be  made  to  be 
suT^tharthis'acijustmv^nt  is  maintained.  A,slighfcly 
oxidizing  flame  helps  to  secure  a  better  bond 
between  the  filler  metal  and  *the  base  metal. 
It  also  assists  in  keeping. a -slight  film  of  oxide 
over  the  puddle.  This  film  of  oxide  serves  to 
protect  the  weld  mstal  from  the  oxygen  in  the 
air. 

After  the  parts  have  been  properly  prepared  — 
cleaned,  aligned,  and  preheated  if ; necessary  —  the 
parts  gxe  then  tack  welded  together.  The  metal 
ist  then  heated  with  a  torch  $/he  point  where 
the  braze  weld  is  to  start.  Play  the  torch  flame  , 
over  the  part -to  be  heated,  using  a  circular 
motion.  As  the  base  metal  gets  hot,  test  its 
temperature  •  with  a  drom  of  metal  from  the 
welding  rod.  When  the  base  metal  is  at  the  right 
temperature,  molten  filler  metal  spread^evenly 
over 'the  syrface.  This  produces  a  tinning  coat 
on  the  base  metal. 

You  can  tin  the  base  metal  in  braze  welding 
only  when  the  conditions  are  just  right  for  it. 
If  the  base  metal  is  too  cold,  the  filler  metal 
will  not  run  out  and  spread  over  the  heated 
surface  as  it  should.  If  the  base  metal  is  too 
hot,  the  filler  metal  will  form  little  balls  like 
drops  of  water  on  a  hot  stove.  If  the  tempera- 
ture of  the  base  metal  is  -rjlght  and  the  tinning 
is  done  properly,  the «  molten  filler  metal  will 
spread  over  the  surface  like  water  spreading 
over  a'clean,  moist  surface.  ^ 

The  most  ^impoxtaJit  phase  of  the  braze  weld- 
ing procedure  is  tinning,  which  is  the^  process 
of  depositing  the  thin  free-flowing  film  of  filler 
metal  that  provides  the  intimacy  of  contact  ' 
necessary  for  coalescence  between  the  base  metal 
and  the  filler  metaf.  When  the  immediate  area 
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under  the  torch  flame  is  tinned,  additional  metal 
is  added  as  necessary  to  fill  the  V,  Tinning 
must,  at  all  times,  continuously 'precede  filling 
the  joint. 

As  the  tinning  action  is  .in  progress,  con- 
tinue to  feed  the  brazing  filler  metal  into  the 
molten  puddle  to  build  the  weld  up  to  the  de- 
sired size.  The  .puddle  should  be  small  in  size, 
)Dut  increased  as  it  is  moved  forward,  until 
it  completely  fills  the  V  and  a  full-sized  braze 
weld  is  made.  Be  sure  that  the  tinning  action 
takes  place  continuously,  just  ahead  of  the  puddle. 
Good  braze  welding  combines  into  one  cohtin- 
uous  operation  the  tinfung  action  and  the  building 
1  up  x$  the  bra«e^eichto4he-detsi-P6d->s^zey^      ~  - 

The  inner  flame  cone  is  kept  from  1/3  to 
1/4  inch  away  from  the  surface  of  the  metal. 
Usually  the  flame  is  pointed  ahead  of  the  com- 
pleted part  of  the  weld  at  an  angle  of  about 
45°,  with  the  puddle-  under  and  slightly  behind 
the  flame.  You  vary  the  angle,  however,  when 
brazing  in  flat,  overhead,  and  vertical  positions. 
AIsq  the  angle  will  vary  with  the  size,  of  the 
puddle  being  carried,  the  nature  of  the  surface, 
and  the  speed  of  welding.  Although  brazing  can 
be  done  in  any  position,  the  flat  position  should 
be  utilized  if  possible. 

Bright  spots  on  the  metal  in  the  puddle  mean 
that  oxides  and  impurities  are  present  and 
should  be  worked  out  with  the  torch  flame  or 
with  the  flux.  Don't  use  too  much  flux,  though, 
as  this  is  wasteful  and  prevents  making  the 
best  joint.  Use  just  enough  flux  to  get  a  good 
tinning  action  between  the  filler  metal  and  the 
base,  metal.  The  proper  rate  of  braze  weld-„ 
ing  is  controlled  by  the  rate  of  .tinning;  never 
allow  the  puddle  to  get  ahead'  of  the  tinning 
action. 

If  it  is  necessary  to  deposit  filler  m$tal 
in  layers,  as  whea  braze  welding  heavy  mate- 
rials, the  tinning  of  the  base  metal  is  particu- 
larly important.  If  the  tinning  is  good  and  fusion 
between  the  layers  is  Complete,  a  strong  braze 
weld  is  assured.  * 

Jtfter  you  have  finished  the  braze  welding 
operation,  play  ,the  torch  over  the  weld  and 
on  either  side  of  the  weld  for  several  inches. 
The  size  of  the  weld  and.  the  size  of  the  casting 
determine  the  size  of  the  area  that  should  be 
heated.  Continue  to  heat  until  all.  sections  of 
the  part  h^ve  been  brought  to  even  heat.  If  the 
repaired  par^  is  small,  bury  it  in  dry  slaked^ 
linle.  If  it  is  large,  cover  it  with  asbestos  cloth. 
In  either  case,  -  allow  it  to  cool  slowly.  The 
parts  should  be  protected,  from  drafts  and  cold 
air,  which  would  cause  them  to  cool  unevenly. 


9 

ERLC 


216 


Never  subject  a  braze  welded  joint  to  stress 
until  it  has  completely  cooled. 


HARD-FACING 

Hard-facing  is  a  process  in  which  a  layer 
of  some  special  ferrous  or  noriencus  alloy  is 
applied  to  the  surface  of  new  or  old  parts  to 
increase  their'  resistance  to  abia^ion,  impact, 
corrosion,  or  erosion,  or  to  obtain  other  prop- 
erties. Hard-facing  is  also  used  to  build  up 
undersized  parts.  You  may  hear  the  process  of 
hard-facing  referied  to  as  hard-surfacing,  re- 
suriz&mg,  surfacing,  or  wear  facing. 

Among  your  most  important  duties  will  be 
those  where  you  will  build  up  and  hard-face 
various  types  of  worn  metal  parts  of  construc- 
tion equipment.  These  parts  include  the  cutting 
edge  of  scrapei  or  dozer  blades,  sprocket  geSrs, 
and  the  teeth  of  shovels  or  clam  Shells.  You 
may  even  hard-surface  a  new  blade  or  shovel 
teeth  before  the  part  is  put  into  service  for  the 
first  time.  There  are  a  number  of  different  r 
methods  of  hard-facing.  In  this  discussion,  how- 
ever, we  are  mainly  interested  in  the  oxyacety-  ' 
lene  process  of  hard-facing. 

Hard-facing  provides  a  means  of  maintaining 
sharpv  cutting  edges.  It  will  often  reduce  wear 
between  metal  parts.  Hard-facing  also  reduces 
maintenance  bosts  and  down- time.  These  and 
other  advantages  of  hard-facing  add  up  to  in- 
creased service  life  and  higher  efficiency  of 
equipment. 

Hard-facing  with  the  oxyacetylene  flame  is 
in  many  respects  similar  to  br^ze  welding.  Fre- 
quently, copper-base  alloys  are  used  in  surfac- 
ing, but  in  many  instances '  special  surfacing 
alloys  are  required.  In  either  event,  hard-facfng 
is  a  process  in  which  a  layer  of  metal  of  one 
composition  is  caused  to  coalesce  to  the  surface 
of-a 'metal  of  another  .composition. 
'  Before  hard-faQing  a  part,  be  sure  that 
hard-facing  is  needed.,  If  'abrasion  is  present, 
it  probably  will  'be  desirable  to  hard-face  the 
part.  Whsn  failure  of  a  part  is  due  to  impact, 
heat,  or  corrosion,  hard-facing  seldom  will  be 
practicable.  When  a  part  is  subject  to  impact, 
build  it  up  with  mangansse  steel  electrodes  and- 
it  will  work  harden  on  the  surface.  Underneath 
the  work  hardened  surface,  the  manganese  -will  I 
remain  ductile  and  will  be  ab^e  .to  withstand  > 
impact.  If  a  part  is  subject  to  heat  or  corrosion, 
it  can  be  built  up  with  an  electrode  with  a  high 
chrome  content  to  enable  it  to  withstand  this 
type  of  weax.  * 
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The  prgceaa  of  hard-surfacing  is  readily 
applicable  to  all  low-carbon  allgy  and  stainless 
>teels  as  well  as  to  moael  and  cast  iron.  It  is 
not  intended  for  aluminum,  copper,  brass,  or 
bronze.  The  melting  point  of  these  materials 
prohibits  the  use  of  the  hard-surfacing  process. 
It  is  possible  to  increase  the  hardness  of  alumi- 
num by  applying  a  zinc  aluminum  solder  to  the 
surface.  Copper,  brass  and  bronze  can  be  im- 
proved in  their  wear  ability  by  the  overlay  of 
^ork  hardening  bronze.  Tool  steels,  both  carbon 
jid  alloy,  can  be  surface-hardened,  but  they 
offer  difficulties  due  to  the  frequent  develop- 
ment of  shrinkage  and'  strain  cracks.  If  these 
Bjaterhds  are  surfaced,  they  should  be  in  an 
annealed  and  not  a  hardened  condition.  If  nec- 
essary, heat  treating  and  hardening  can  be 
performed  after  the  surfacing  operation.  Quench 
the  part  in  oil— not  water. 


MATERIALS 


A  surfacing  operaion  using  a*  copper-base 
/alloy  filler  metal  produces  a  relatively  sdft 
surface.  Work'  hardening  bronzes  are  soft  when 
applied  and  give  excellent  resistance  against 
frictional  wear.  Other  types  of  alloys  are  avail- 
able which  produce  a  surface  that  is  corrosion- 
and  wear-resistant  at  relatively  high  tempera- 
*  tures.  Many  .hard-facing  Materials  are  produced 
by  different  manufacturers.  Be  sure  thatthe  filler 
alloys  you  select  for  a  particular  surfacing 
job  meet  Navy  specifications* 

Two  types  of  hard-surfacing  materials  in 
general  use  in  the  Navy  are  iron-T)tte  alloys 
and  tungsten  carbide. 

IRON-BASE  ALLOYS  contain  nickel,  chromi- 
um, manganese,  carbon,  and  other  hardening  ele- 
ments. These  alloys  are  used  for  a  number  of 
applications  requiring  varying  degrees  of  hard- 
ness. The  Steelworker  will  frequently  work  with 
iron-base  alloys  when  he  builds  up  and  resur- 
faces parts  of  construction  equipment. 

TUNGSTEN-CARBIDE  is  used  for  building  up 
wear-resistant  surfaces  on  steel  parts.  Tung- 
'steri-carbide'is  one1  of  the  hardest  substances 
known  to  man;  diamonds  are  one  of  the  few  sub- 
stances which  are  harder.  Tungsten-carbide  may. 
be  applied  in  the  form  of  inserts  or  of  com- 
posite rod.  Inserts  are  not  melted,  but  are 
welded  or  brazed  to  the  base  metal.  The  rod 
is  applied  with  the  same  surfacing  technique 
Us  that  used  for  oxyacetylene  welding;  a  slig|g» 
c arborizing  flame  adjustment  is  necessary. 


.HARD-FACING  OPERATIONS 

Proper  preparation  of  tV  metal  Surfaces  is 
an  important  part  of  hard-facing  operatic..  ;.M*ke 
sure  that  scale,  rust,  and  foreign  matter  are 
removed  from  the  metal  survaccs.  (On  construc- 
tion equipment  such  as  teeth,  it  will  not  make 
much  difference  if  the  metal  is  a  little  dirty.) 
The  metal  surfaces  can  be  cleaned  by  grinding, 
machining,  od  chipping.  The  edges  of  grooves, 
corners,  or  Recesses  should  be  well  rounded 
to  prevent  overheating  of  the  base,  metal,  and  to 
provide  a  good  cushion  for  the  hard-facing  mate- 
rial. • 

Hard-facing  material  is  usually  m^Ued  so 
that  it  forms  a  thin  layer  over  the  biSe  ipetal. 
The  thickness  of  the  deposit  is  usually  from 
1/16  to  1/8  inch,  is  seldom  over  1/4  inch,  and 
is  generally  deposited  in  a  single  pass.  Where 
wear  is  extensive  it  may*  be  necessary  to  use 
buildup  rod  prior  to  hard-facing.  If  you  are  in 
doubt  whether  to  use  a  buildup  rod,  check  with 
your  leading  petty  officer.  ' 

In  general,  the  torch  manipulation  employed 
;  and  the  hard-facing  procedure  itself  are  similar 
to  brazing,  techniques.  However,  higher  tem- 
peratures (about  2200°  F)  are  necessary  for  hard- 
surfacing,  and  tips  one  size  larger  than  normal 
are  used.  A  small  'area  should  be  heated  with 
a  sweeping  torch  movement  until  the ,  surface 
of  the  base  metal  takes, -on  a  SWEATING  or 
wetted  appearance.  When  the  surface  of  the -base 
metal  is  in  this  condition,  the  end  of  the  sur- 
facing alloy  is  brought  into  the  flame  and  allowed 
to  melt/Do  not  stir  or  puddle  the  alloy;  let  it 
floClf  the  surface  area  has  been  properly 
sweated,  the  alloy  will  flow  freely  over  the 
surface  of  the  base  metal. 

Being  able  to  recognize  a  sweated  surface 
is  essential  for  surfacing.  This  sweating  occurs 
when  the  temperature  of  steel  is  raised  to  a 
white  heat  with  a  carburizlngflame.  An  extoramely 
thin  layer  of  the  base  metal  is  carburized.  The 
carburized  layer  has  a  lower  melting  point 
than  the  rest  of  the  base  metal.  As  a  result 
it  becomes  a  liquid  while  the  underlying  metal 
remains  a  solid.  This  liquid  film  provides  the 
medium  for  flowihg  the  filler  gaetal  over  the 
surface  of  the  base  metal.  The  liquid  film  is 
similar  to  and  serves  the  same  purpose  as  a 
tinned  surface  in  soldering  and  braze  welding. 
The  carburized  layer  is  approximately  0.001 
inch  thick. 
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Figure  10-11.  —  Grader  .Wade  with  bard-facing  material  applied  to  cutting  edge. 


When  heating  steel  with  a  c arborizing  flame, 
the  steel  first  becomes  red  and.  as  heating  con- 
tinues, thef,  color  becomes  lighter  and  lighter 
until  a  bright  whiteness  is  attained.  At  this  point, 
a  thin  film  of  liquid,  carburized\metal  appears 
•  pa  the  surface.  Surfacing  alloy  addedat  this 'time 
flows  over  the  Sweated  surface  ahd  absorbs- the 
film  of  car  burl  zed  metal.  This  surface  condition 
is  'not  difficult  to  recognize,  but  you  should 
make  several  practice  passes  before  you  try 
hard-facing  for  the  first  time.  A 

When,  using  an  oxy acetyle  torch  for  surfacing 
with  chromium-cobalt,  the  torch  flame  should 
have  an  excess  acetylene  feather  about  three 
times  as  long  as  the  inner  cone.  Unless  the 
excess  acetylene  flame  is  used,  the  proper  base 
metal  surface  condition  cannot  be  developed, 
and  the  surfacing  alloy  will  not  spread  over  the 
surface  of  the  part. 

Figure  10-11  illustrates  a  grader  blade  with 
a  deposit  of  hard-facing  material  applied  along 
the  cutting  edge.  A  grader  blade  is  usually  hard- 
faced  by  the  electric  arc  process;  but,  if  the 
electric  arc  process  is  not  available  you  may  use 
the  oxy  acetylene  torch.  In  hard-facing  a  grader 
blade,  see  that  the  metal  surface  is  cleaned 
thoroughly.  Position  the  blade  in  a  suitable  pre- 
bending 'Jig  or  bolt  two  blades  back-to-back. 
Light  off  the  oxyacetylene  torch  and  preheat  the 
metal  to  500*  to  600*  F.  As  the  next  step,  adjust 
the  oxyacetylene  torch  to  give  a  slight  excejs 
acetylene  flame;  then  apply  the  filler  metal  with 
a  weaving  niotion  or  in  jrtrihger;beads.  Tfce  skip 
weld  method  should  be  used.  You  should  also 
start  at  the  center  and  work  toward  each  end. 
Continue  the  hard-facing  operation  until  you  have 
a  2-inch  wide  deposit  along  the'  edge  of  the  blade. 


SPOT  HEATING 

Tbs  process  of  SPO/T  HEATING  with  an 
oxyacetylene  torch  is  frequently  usedf  or  straight- 
ening ^bent  structures,  aaci  for  shortening  metfal 
shape  Sy  You  will  find  spot  heating  fairly  ea£y 
as  long  as  you  use  the  proper  amount  of  heat 
in  the  right  place,  since  metal  expands  when 
heated  and  contracts  when  cooled.  A  12-inch 
bar  of  steel,  for  instance,  when  heated  to  forging 
temperature,  expands  about  1/8-inch  per  foot; 
then,  when  it  has  cooled  to  room  temperature, 
the  bar  contracts  to  the  original  size. 

The  principle  of  straightening  by  spot  heating 
is  based  on  controlled  expansion  and  normal 
contraction  of  metal  during  heating  and  cooling. 
If  a  12-inch  bar  is  secured  in  a  die  so  that  it 
cannot  increase  in  length,  when  heat  is  applied, 
the  metal  will  upset.  When  the  bar  contracts 
on  cooling,  the  overall  length  of  the  bar  will 
be  less  than  12  inches— about  1/8-inch  shorter 
as  there  is  nothing  to  prevent  contraction. 

Figure  10-12  illustrates  what  happens  if  he^t 
is  applied  in  one  spot  when  a  shape  is  in  a 
fixed  position.  It  cannotgo  anywhere  by  expansion, 
but  the  side  which  was  heated  shrinks  with 
coolirig.  The  result  is  illustrated  by  the  warped 
section  to  the  right  in  the  figure. 

To  straighten  a  warped  bar,  you  should  apply 
heat  to  the  longer  edge,  as  illustrated  in  figure 
10-13. 

CONTROL  OF  HEAT 

the  secret— if  there  be  any— li3s  in  the  con- 
trol of  heat.  When  heat  is  applied  at  one  spqt,  it 
rapidly  flows  to  other  parts  of  the  bar  by  con- 
duction. This  heat  flowing  has  to  be  controlled 
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Figure  10-12.— One  edge  shortened. 
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Figure  10-13.  — Straightening  a  bent  channel. 
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Figure  10-14.  — How  to  control  the  heat. 


so  that  the  metal  will  upset  just  where  you  want 
it.  You  cannot  completely  control  "heat-flow," : 
but  with  proper  manipulation  of  the  heating  torch  - 
you  can  keep  the  heat  flowing  to  a  minimum. 
This  takes  practice,  however. 

Figure  10-14  shows  one  good  way  to  control  <  * 
heat.  First  msbrk  with  sodqpstone  the-areiuto  be*  ,  ( 
heated.  Usually > this  will  be  in  the  shripeV  aVv^/' 
or  triangle  b^cyiase  more  heat  is  wanted  at  the 
outer  part  of  the  bend  and  less  toward  the  center. 
When  using  an  oxyacetylene  torch,  select  a  fairly 
large  welding  tip  and  hold  the  flame  steady'  at  % 
one  point  until  the  metal  reaches  a  light  cherry 
red  color.  Start  at  the  apex  of  the  triangle  or  at 
the  outer  edge  as  shown  in  figure  10-14.  When 
the  small  area  beneath  the  tip  hps  reached  the 
proper  temperature,  slowly  move  the  tip  to  one 
side  so  that  the  circular  area  of  heated  metal 
moves  with  it. 

. 

TORCH  MOTION 

In  spot  heating,  the  tip  must  be  held  steady, 
somewhat  as  it  is  in  flame  cutting.  Do  not  use 
the  weaving  motion  that  ydu  would  use  in  welding. 
Watch  the  work  closely  and  keep  the  hot  spot 
moving  properly.  Otherwise,  there  will  be  no 
upsetting  and  ;Jthe  m^tal  may  be  burned.  Under 
no  circumstances  should  the  metal  be  heated  to  " 
the  meuing  point.  Keep  the  metal  on  the  inside 
of  the  bend  cool  by  the  -use  of  water,  ice,  wet 
rags,  or  a  water  spray.  Continue  the  heatingurjfcil 
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(NOTE:  SMALL  ARROWS  SHOW  HOW  TORCH  IS  MOVED; 
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Figure  10-15.— Examples  of  straightening  by 
spot  heating.  1 


the  little  circle  of  hot  metal  has  Covered  all 
the  area  within  the  triangle;  then  allow  the  mem- 
ber to  cool.  With  this  procedure  you  will  get  an 
appreciable  bend.  If  the  first  bend  is  not  suffi- 
cient, repeat  the  operation.  If  the  first  attempt 
bends  the  piece  too  much,  reverse  it  slightly^ 
by  applying  heat  to  the  opposite  side. 

It  is  better  to  apply  a  little  heat  several 
times  than  too  much  heat  all  at  once.  Long  bends 
are  best  straightened  by  heating  several  times 
at  intervals  along  the  length  of  the  bend.  Remem- 
ber that  heating  must  be  carried  out  on  both 
sides  of  the  flange  or  centerline  of  the  member, 
particularly  if  the  metal  is  thick.  This  is  to 
provide  even  heatag^and  subsequent  even  con- 
traction. 

Figure  10-15  shows  how  several  different 
members  can  be  straightened  by  spot  heating. 
Do  not  try  this  method  on  a  structural  member 
until  you  have  practiced  on  scrap  material  and 
know  what  you  are  doing.  If  the  section  is  a 
heat-treated  or  tool-steel  part,  it  will  be  better 
to  leave  it  alone  until  the  entire  unit  can  be  taken 
<$oWn  an<4  repaired  with  usual  shop  procedures. 
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